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NOTES ON ALUMINUM.

By Jesse M. Smith, Member Detroit Engineering Society.

[Read before the Society, October 22, 1897.*]

The following notes, while not entirely new or unpublished,

may, however, be of interest now that aluminum is becoming a

common metal.

I am indebted to Mr. Alfred E. Hunt, president of the Pitts-

burg Reduction Company, for the information which forms the

basis of this paper, and I know of no better authority on the sub-

ject, taken in all its branches, than he.

Aluminum, or aluminium, as it is more frequently called in

Europe, is a metal that has been known for very many years, but

its properties have received much closer study of late since it has

become a commercial' or common metal.

PURE AND IMPURE ALUMINUM.

Commercial metal is never chemically pure, and until within

recent years, nearly all that of which the properties had been de-

scribed, had at least 4 per cent.—in many cases 6 per cent, or 8

per cent.—of impurities. These materially altered the characteris-

tics from those of the purer metal, with not over 2 per cent, or at

most 3 per cent, of impurities, which is ordinarily sold in the

market to-day.

The impurities almost always found with aluminum are sili-

con and iron.

The silicon present with aluminum exists in two forms, one

^Manuscript received January 14, 1898.—Secretary, Ass'n of Eng. Socs.
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seemingly combined with the aluminum, as combined carbon

exists in white pig iron, and the other in an allotropic graphitoidal

form. These two forms of silicon seem to exert somewhat dif-

ferent effects; the combined form of the element rendering the

metal much harder than the graphitoidal variety. The combined

silicon ordinarily preponderates, being from 55 per cent, to 80

per cent, of the total silicon in the average metal of between 98

per cent, and 99 per cent, purity.

For many purposes, the purest aluminum cannot be so ad-

vantageously used as that containing 3 per cent, or even 4 per

cent, of impurity, as the pure metal is very soft, and not so strong

as the less pure. It is only where extreme malleability, ductility,

sonorousness, or non-corrodibility is required, that the purest

metal should be chosen. For most purposes, a small percentage

of other elements than silicon and iron is advantageous in produc-

ing hardness, rigidity and strength—constituents that will not

detract from the non-corrodibility of the metal as much as do

those natural impurities that come from the ore and apparatus

—

additions that will give the aluminum a better color and greater

strength and hardness, with proportionately less sacrifice of mal-

leability, ductility, etc.

COLOR OF ALUMINUM.

Pure aluminum is white, with a decided bluish tint. This

becomes much more marked upon exposure, when a thin film of

white oxide on its surface prevents further tarnishing from the

air, but seems to give, by contrast to the metal as a background,

an enhanced bluish tint.

ACTION OF HEAT ON ALUMINUM.

Aluminum melts at about 1200 F., but becomes pasty at a

temperature of about iooo F. ; and, indeed, loses its tensile

strengh and very much of its rigidity at a temperature of 400 to

500 F., but its strength returns when the temperature falls.

Heating serves as an annealing operation, and reduces perma-

nently only the higher tensile strength produced by cold rolling or

othewise cold working the metal. Aluminum does not volatilize

at any temperature ordinarily produced by the combustion of

carbon, even though the high temperature be kept up for. a con-

siderable number of hours. It, however, absorbs a very large

amount of occluded gases under such treatment. In the high

temperature of the electric furnace, however, it is claimed that

there is considerable volatilization of aluminum, and that small
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buttons of the metal have been found in and on the linings of the

furnace.

Under heat, the coefficient of linear expansion of § inch round

aluminum rods of 98.50 per cent, purity is, 0.0000206 per degree

Centigrade between the freezing and boiling points of water; while

that of iron is only 0.0000122.

Taking silver as 100, and copper as 73.6, unannealed alumi-

num of 98.50 per cent, purity has a coefficient of thermal con-

ductivity of 37.96; while that of the same wire, annealed, is 38.87.

ELECTRICAL PROPERTIES OF ALUMINUM.

Aluminum stands next to silver, copper and gold, as a con-

ductor of electricity. The electrical conductivity of silver being

taken at 100, and that of copper at 90, pure annealed aluminum

has an electrical conductivity of about 50. These facts, taken into

consideration with the lightness of the metal as compared with

silver, gold and copper, are already leading to a quite extensive

use of aluminum in electrical apparatus.

MECHANICAL PROPERTIES OF ALUMINUM.

The pure metal is very tough, and, in breaking by bending

backward and forward, often appears distinctly fibrous in fracture.

The lack of rigidity and hardness which the metal exhibits is a

serious obstacle to its adaptability for many purposes, although

both its stiffness and its hardness are very much increased by the

addition of a few per cent, of impurities or alloy, and especially

by cold-hammering, cold-rolling, drop-forging, or the like. It

can be safely stated, as a general rule, that the purer the aluminum
the softer and less rigid it is.

Pure aluminum, when properly treated, is a very malleable

and ductile metal. It can readily be rolled into sheets 0.0005 °f

an inch thick, or be beaten into leaf nearly as thin as gold leaf, or

be drawn into the finest of wire. Pure aluminum stands third in

the order of malleability, being exceeded only by gold and silver;

and seventh in the order of ductility, being exceeded by gold, sil-

ver, platinum, iron, softest steel and copper. Both malleability

and ductility are greatly impaired by the presence of the two com-

mon impurities, silicon and iron.

Aluminum can be rolled or hammered cold, but the metal is

most malleable at between 200 and 300 F., and should be heated

to this point for rolling or breaking down from the ingot to the

best advantage. Even then considerable power is required, fully

as much as for hot-rolling of hard steel of similar section, although

not nearly as much draft can be placed upon the rolls as in hot-
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rolling" hard steel. Like silver and gold, aluminum stiffens up re-

markably by working, which greatly increases its hardness and its

tensile strength, and decreases its malleability and ductility.

Aluminum requires tq be frequently annealed in working.

When the metal is hardened by rolling, forging, drop-forging,

stamping, drawing, etc., it may be turned out very rigid, and will

then answer excellently for purposes where the annealed metal

would be entirely too soft, too weak, or lacking in rigidity or elas-

ticity. Especially is this true of aluminum alloyed with a few per

cent, of titanium, copper, iron, silicon, or the like.

ANNEALING ALUMINUM.

To anneal aluminum it should be placed in a muffle, and a

low and even temperature, such as will show an even, red heat in

a piece of iron or steel placed in the muffle, when viewed at twilight

or on a dark day, should be maintained. The aluminum itself,

however, should not appear at all red at this temperature. A
ready test of this temperature is that the metal has been heated

enough to char the end of a pine stick, which will leave a black

mark on the plate as it is drawn across it.

WELDING AND SOLDERING ALUMINUM.

Aluminum can be easily and readily welded by the electric

welding machines.

Until very lately, the lack of methods for successfully solder-

ing and hardening aluminum was the greatest drawback to its

introduction for many purposes. Soldering is done by the use

of the blow-pipe and with ordinary hard or soft solder, or with pure

zinc, or with an alloy of zinc and aluminum, as the soldering

metal.

CASTING ALUMINUM.

Sound castings of aluminum can be readily made in dry sand

molds. The aluminum should not be heated very much beyond

the melting point, otherwise it seems to absorb gases which

remain in the metal, preventing sound castings. In small quanti-

ties, the metal can be best melted in plumbago crucibles ; but in

large quantities it can be more economically melted in a rever-

beratory furnace with alumina or magnesia brick sides and

alumina bottom. The furnace should have a tap-hole for drawing

off the liquid metal into carbon-lined ladles. In no case need the

metal be covered with a flux to assist in the fusion or to form a

covering of slag. The molten metal flows readily, and not much
larger gates are needed than for brass. Its shrinkage of 15-64
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inch per foot is considerably greater than that of brass, which is

about 6-64 inch per foot.

RESISTANCE OF ALUMINUM TO CORROSION.

As to the corrodibility of aluminum many erroneous state-

ments have been printed. In the first place, aluminum is acted

upon by the atmosphere, especially by moist atmosphere, and more

especially still by moist salt atmosphere. The metal becomes

covered by a very thin, almost imponderable, coating of oxide on

the surface exposed to the atmosphere, and this coating seems to

protect it from further oxidation. It is so thin that often it

hardly interferes with any polish, and it does not materially change

the weight of the metal. It does, however, increase the bluish tint

of the metal, and gives it a leaden color. As compared with most

metals, pure aluminum, under ordinary circumstances, withstands

the action of wind and weather exceedingly well; and many uses

to which the metal is now being successfully applied are based

upon this fact. The presence of silicon in aluminum materially

detracts from its power to withstand corrosion due to atmospheric

influences. Metal with 4 per cent, or 5 per cent, of silicon, if

severely exposed, very soon collects a thick coating of oxide upon

it. The fact that pure aluminum is not acted upon by boiling

water or by steam has led to its use by the New York Steam

Company and others, as a packing or gasket in steam connec-

tions, where lead and similar metals have been rapidly cut out

(especially where the water contained notable amounts of sulphur

acids), as in parts of steam and water pumps and different steam

joints.

Aluminum containing sodium is rapidly acted upon by hot

water, the sodium being eaten out, leaving the aluminum spongy

and porous. Aluminum is unaffected by either concentrated sul-

phuric or nitric acid. Unfortunately, however, these commercial

acids almost always contain some little hydrochloric acid, which

rapidly corrodes the aluminum, the chloride of aluminum first

formed being changed into sulphate or nitrate, the free hydro-

chloric acid again acting more violently as it attacks the metal in

a nascent state.

Aluminum is not acted upon by carbonic acid or carbonic

oxide gas, nor by sulphureted hydrogen except at a red heat; but

it is a peculiarity of the metal in a melted condition that it absorbs

large quantities of these gases, much of which is again excluded

as the metal cools.

Pure aluminum has neither taste nor odor, nor is it corroded
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by any substances ordinarily used in culinary operations. It seems

therefore, especially adapted, and is becoming considerably used,

for cooking" utensils.

The natural acid solvent for aluminum is hydrochloric acid.

Solutions of the caustic alkalies, chlorine, bromine, iodine and

fluorine also rapidly corrode it. Ammonia gas has very little

action on the metal, except to turn it a gray color, but strong

aqua-ammonia has a slight solvent action upon it.

OTHER PHYSICAL PROPERTIES OF THE METAL.

The specific gravity of aluminum, of course, is one of its

most striking properties—a property on which many brilliant

"castles in the air" have been built. It runs from 2.56 to 2.70;

structural steel is 2.95 times heavier, copper 3.60 times, silver 4
times, lead 4.80 times, gold 7.70 times, and platinum 8.60 times

heavier. Its lightness has suggested many uses, including the

entire framework of air ships. There are, however, many strong

woods which have a specific gravity below 1, weighing, therefore,

only about one-third as much as aluminum; and, as woods can be

selected that will by no means require three times the section of

aluminum to give equal strength for frames, it does not seem

that the metal will be much used for this purpose. Of course, in

many cases a much thinner sheet or smaller section of aluminum

could be used than of wood ; but for purposes where rigidity as well

as lightness is required, the parts of air ships could be much bet-

ter made of wood than of aluminum.

STRENGTH OF ALUMINUM.

Cast aluminum has about the ultimate strength of cast iron

in tension, but under compression it is comparatively weak.

The following table gives the average results of many tests

of metal composed approximately of: Aluminum, 97 per cent, to

99 per cent.; silicon graphite, 0.10 per cent, to 1 per cent.; silicon,

combined, 0.90 per cent, to 2.80 per cent.; iron, 0.04 per cent, to

0.20 per cent.

Tension tests Castings Sheet Wire Bars

Elastic limit, lbs. per sq. in 6,500 12,000 16,000 to 30,000 14,000

Ultimate strength, lbs. per sq. in., 15,000 24,000 30,000 to 60,000 28,000

Reduction of area 15% 35% 60% 40%

Compression tests (in cylinders with length twice the diame-

ter) :

Elastic limit, per sq. in 3,500 lbs.

Ultimate strength, per sq. in 13,000 lbs.
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The modulus of elasticity of cast aluminum is about eleven

million; cold drawn aluminum wire, about nineteen million; alumi-

num sheets, about thirteen million.

Under transverse test, pure aluminum is not a very rigid

metal. An inch square bar of good cast iron, supported on knife

edges 4 feet 6 inches apart and loaded in center, will readily stand

500 pounds, with a deflection of not over 2 inches. A similar bar

of aluminum would deflect more than 2 inches with a weight of

250 pounds, but the aluminum bar would bend nearly double

before breaking, while the cast-iron bar wi 1 ordinarily break before

the deflection has gone very much beyond 2 inches. Aluminum,

to withstand strains, and especially to have good elasticity, should

be alloyed with a few per cent, of impurities and cold-rolled, or

otherwise worked cold. In this way it can be made nearly as

strong and elastic as mild steel, section for section, and weight for

weight will be much more rigid.

ALLOYS OF ALUMINUM AND COPPER.

Aluminum and copper from two series of valuable alloys: the

aluminum bronzes, ranging from 2 per cent, to 12 per cent,

aluminum with copper; and the copper hardened aluminum series

with from 2 per cent, to perhaps 15 per cent, of copper with the

aluminum. The aluminum bronze series is already beginning to

assume an important position in the arts, and may very largely

replace brass and other bronzes, and for some purposes take the

place of steel. By adding 8 per cent, to 12 per cent, of aluminum

to copper we obtain one of the densest, most finely grained and

strongest metals known, a metal having a remarkably high ductil-

ity as compared with its tensile strength. A 10 per cent, bronze

can readily and uniformly be made in forged bars, with 100,000

pounds per square inch tensile strength, with 60,000 pounds elastic

limit per square inch, and with at least 10 per cent, elongation in 8

inches; and aluminum bronzes can be made to meet a specification

of even 130,000 pounds per square inch tensile strength and 5 per

cent, elongation in 8 inches. Such bronzes have a specific gravity

of about 7.50, and are of a light yellow color. The 5 per cent, to 7

per cent, aluminum bronzes have from 8.30 to 8.0 specific gravity,

and a handsome yellow color. They readily give 70,000 to 80,000

pounds per square inch tensile strength, with over 30 per cent,

elongation in 8 inches, and with an elastic limit of over 40,000

pounds per square inch. Alloys of the latter character will prob-

ably be most used, especially for marine work. The fact that 5

per cent, to 7 per cent, bronzes can be rolled or hammered at a
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red heat, under proper precautions which can readily be secured,

will greatly extend their use. Metal of this character can be

worked in almost every way in which steel can be worked, and

has greater combined strength and ductility, and much greater

power to withstand corrosion. By far the best results have been

obtained by using the purest aluminum and purest copper. The
presence of silicon in aluminum alloys makes a harder bronze, but

one of much less comparative ductility and malleability. The
presence of iron weakens and very seriously interferes with the

value of bronze. Tin also is disadvantageous. The presence of

zinc in the aluminum bronze is not so deleterious ; in fact, it makes

the best aluminum brasses, much better than those containing tin.

WORKING ALUMINUM BRONZE.

Aluminum bronze is among the hardest of the bronzes, and

hardens considerably upon cold-working. This hardness, how-

ever, can readily be lowered by annealing at a red heat and plung-

ing into cold water. Aluminum bronze can readily be worked in

a lathe, as the chips, cutting clean, smooth and long, do not clog

the tool. Aluminum bronze is a remarkably rigid metal under

transverse strain, being much more rigid than ordinary brass, or

even gun bronze. Under compression, its elastic limit is rather

low, compared to its ultimate compressive strength, but the latter

still much higher than that of any of the other bronzes, and there

is a long period of gradual compression before finally giving way,

making it a particularly safe metal under compression.

Aluminum bronze has excellent anti-friction qualities, owing

to its finely grained texture and peculiar smooth" and unctuous

though hard surface, which resists abrasion remarkably. Atten-

tion has already been called to the anti-corrosive qualities of

aluminum bronze; and as its electrical conductivity is higher than

that of brass, it is especially well adapted for commutator bars in

dynamos. It can be brazed and soldered nearly as well as brass.

CASTING ALUMINUM BRONZE.

Sound, clean castings of aluminum bronze can be safely and

regularly made, either in sand molds or against chills, if the

proper precautions are taken to avoid: first, oxidation; second,

contamination from scum or a cinder composed of oxide of alumi-

num with a little copper in it; third, depressions, cracks, or strains

due to shrinkage; fourth, the shutting in of gas into the castings.

The first trouble, oxidation, is due to heating the metal too hot

in the plumbago crucible. The copper should not be heated much
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above its melting point before the addition of the aluminum, which

at first absorbs much heat and rapidly thickens the metal, the

aluminum being rapidly immersed in the copper to prevent its

oxidation. Great care should then be taken in again bringing

the metal up to the liquid condition, and the metal should be fre-

quently stirred, for it suddenly acquires heat by the reaction of the

alloying of the two metals, and, unless precautions are taken, the

temperature will soon be brought to a white heat, when oxidation

will seriously injure the bronze. The metal should have a cover

of powdered charcoal to prevent oxidation, but no flux over its

surface.

The second trouble, contamination from the scum, can be

avoided by pouring from the melting furnace or pot into a hot

ladle or pouring basin large enough to hold all the metal necessary

to fill the mold and to allow the metal to pour out from the bottom

of such a receptacle after giving sufficient time to allow the scum to

come to the surface. A skim-gate should also be provided for

each mold.

The thjrd difficulty is caused by a peculiar red-shortness just

after solidification, and also a contraction at solidification which

causes the metal either to tear apart or to yield and cause depres-

sions in the casting at more favorable spots, if any great resistance

is experienced by the metal in contraction. This difficulty is over-

come by giving bountiful allowance for the contraction, which can

be done in several ways, each best adapted for certain conditions.

The cores should be made of a yielding character, using resin or

other suitable substance with coarse sand, that will yield to slight

pressure. Unyielding iron core rods should be dispensed with as

far as possible. Green sand cores will give good results in some

cases. Other expedients to gain the same ends will be readily sug-

gested by skilled molders.

The troubles due to shrinkage are avoided by having the

"risers" or "feeding heads," with flaring openings, large in sec-

tion, often larger than the castings they are intended to feed, and if

necessary refilling the feeding heads, in some cases several times

over. In this way the casting will solidify first, drawing metal to

supply its shrinkage from the still fluid riser having a level higher

than the casting itself, so that the metal will flow down into it.

The gates to the mold should be sufficient in number and so

arranged that tney can be filled with the metal as cold as it will

pour and give full castings. The considerable amount of scrap oc-

casioned by the large risers can be remelted without loss of alumi-

num, and, indeed, is improved in quality by the process of remelt-

ing.
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To prevent the shutting of gas into the castings, dry sand

should be used, and the molds should be well vented by the ordin-

ary precautions taken by founders for this purpose. Although it

requires skill and experience to carry out successfully the condi-

tions outlined, sound, clean castings, even of the most difficult sec-

tions of aluminum bronze can be made regularly, with no more

wasters than in casting the ordinary brass, and without the diffi-

culty of a copious liberation of gas at the moment of solidification,

as is the case with steel. In fact aluminum bronze with its low

pouring temperature, is especially applicable for massive and

heavy castings.

ALUMINUM WITH IRON AND STEEL.

Aluminum combines with iron in all its proportions. None
of the alloys, however, have proved of value, except those of small

percentages of aluminum with steel, cast iron and wrought iron.

So far as experiments have yet gone, while iron hardens aluminum

other elements can be better employed for this purpose, and its

presence is regarded as entirely a deleterious impurity to be

avoided if possible.

The addition of from
-J
pound to 2 pounds of aluminum to a

ton of steel gives the advantage of quieting the metal in the mold

and producing ingots with much sounder tops, so that the scrap

due to crop ends is materially lessened, a saving which much more

than pays for the cost of the aluminum added. The amount to be

added varies with the character and condition of the steel. With

well-melted steel, low in carbon, the proportion of from ^ to ^

pound to the ton seems to give the best results ; any larger propor-

tion causing the metal to pipe and producing an excess of crop-

end scrap.

In steel castings, the benefit from the use of a small percentage

of aluminum, ordinarily in the proportion of from 2 to 3 pounds

per ton, has become widely recognized. The additions of alumi-

num are almost always made by throwing the metal, in pieces

weighing a few ounces each, into the ladle as the steel is pouring

into it.

For cast iron from 2 to 5 pounds of aluminum per ton is put

into the metal as it is being poured from the cupola or melting

furnace. To soft gray No. 1 foundry iron it is doubtful if the

metal does much good, except, perhaps, in the way of keeping the

metal melted for a longer time; but where difficult castings are to

be made, where much loss is occasioned by defective castings, or

where the iron will not flow well or give sound and strong castings,
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the aluminum certainly in many cases allows of better work being

done, and gives stronger and sounder castings with a closer grain,

and hence much easier tooled. The tendency of aluminum is to

change combined carbon to graphitic, and it certainly lessens the

tendency of the metal to chill. Aluminum in proportions of 2

per cent, and over materially decreases the shrinkage of cast iron.

CLAY AS A SOURCE OF ALUMINUM.

Contrary to the understanding of many persons, aluminum

has never been found in nature in the metallic state; and yet the

general statement made by Professor Richards is true, that "there

is no other metal on the earth so widely scattered, and that occurs

in such abundance." This statement, however, has been inter-

preted by the public to the effect that therefore all these varied

minerals containing aluminum are equally applicable as ores from

which to extract the metal. Particularly have they considered that

the clays or silicates of aluminum z re the specially chosen ores for

the production of that metal. A consideration of the comparative

constituents of clay with those of the minerals given below shows

the disadvantage of the richest of clays, as aluminum ores, when
compared with the richer and purer oxides, fluorides and sul-

phates, which are now the chief sources of aluminum.

Bauxite (A12H 6 6), soft and grandular; with 50 to 70 per cent,

oxide of aluminum and with only a few per cent, of accidental im-

purities besides the water of hydration.

Corundum (A1 2 3 ), very hard and crystalline; with 93 per

cent, alumina and ordinarily very free from impurities, but so hard

and crystalline, and withal so valuable for other purposes, as not to

be at present used as an aluminum ore.

Diaspore (A1,0 3+H 20), hard and crystalline; with 65 to 85

per cent, alumina and ordinarily very pure.

Cryolite (Al
2Fl 6

-(-6NaFl) ; with 40 per cent, aluminum

fluoride and 60 per cent, sodium fluoride.

Aluminite (Al
2SO +9H 2O) ; with some 30 per cent, of

alumina in a condition to be cheaply purified by solution, filtration

and roasting.

Gibbsite (Al 2 3
-)-3H 20), stalactitic; with about 65 per cent,

alumina.

In comparison with these, the clays vary from tribasic sili-

cates of alumina to pentacid silicates, minerals with at best 65 per

cent, alumina and 35 per cent, silica; while the more common
clays contain from 50 to 70 per cent, silica and only from 50 to 35

per cent, alumina. Pure kaolin contains 39 per cent, alumina.
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carrying about 20 per cent, aluminum with 40 per cent, silica and

14 per cent, water. Now silica is much more easily reduced than

alumina, and by all the methods of reduction this large percentage

of silica must be separated from the alumina before the reduction

is commenced, else a large percentage of energy used in reduction

will be expended in reducing a troublesome impurity instead of in

reducing the alumina to aluminum.

One fact, however, seems to be favorably prominent in the

prospect of fat clays (like the kaolins) being used as aluminum

ores; that is, that concentrated cold sulphuric acid dissolves the

alumina out of most clays, leaving the silica insoluble. This fact

has not yet been made use of on a commercial scale, but in the

future, when there is a large demand, it may make clays available

as ores of aluminum.

PREPARING ALUMINUM ORE FOR REDUCTION.

Bauxite is the mineral most used at present for the manufac-

ture of alumina, and it probably will continue to be the most

economical ore, for the reason that it is soft, easily ground and

easily decomposed to separate the impurities of silica and iron.

The mineral occurs in great abundance in the South ; in Tennessee,

Virginia, North and South Carolina, Georgia and Alabama, and

also in Arkansas. Very pure bauxites can be laid down in quanti-

ties in Pittsburg at a cost of between $9 and $10 per ton; and, with

only the cost of mining and transportation, can be put on cars

nearest the mines in many cases at a cost of less than. $2.50 per

ton.

The general method of purification of the ore is to calcine the

bauxite with just sufficient sodium carbonate to form sodium

aluminate (Al2 3-f-3Na20). The incinerated mass is taken out of

the furnace, ground and lixiviated with hot water, which takes

the sodium aluminate into solution, leaving the silica and iron

insoluble. The clear supernatant sodium aluminate solution is

siphoned off, and the alumina is precipitated with carbonic acid

gas. This forms sodium carbonate, which remains in solution,

while the alumina settles out to the bottom of the tank. This is

afterwards washed with hot water and dried.

METHODS. OF ALUMINUM MANUFACTURE.

Aluminum cannot be reduced from its oxide by the aid of car-

bon as a reducing agent, because the temperature to which the

intimate mixture of the solid carbon and the alumina has to be

raised can be attained only by the highest heat of an open-hearth
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furnace or in the electric furnace—at this temperature the alumi-

num reduced cannot itself be accumulated into a molten liquid

mass, and can be retained only by cloaking it with a more stable

metal like iron or copper.

Debarred from using carbon as the reducing agent under the

ordinary conditions which make it the practicable and economical

reagent in most metallurgical operations, experimenters have

carefully tested the advantages of other and stronger reducing

agents. So far, only one has proven commercially available, al-

though there are many other agents capable of reducing the metal

from its oxide. Metallic sodium reduces the metal from its

chloride or from its fluoride salts with ease. Methods based upon

the use of sodium as the reducing agent have until lately given not

only the purest but the cheapest aluminum. These methods,

however, of late have been succeeded by the cheaper and more
direct processes of electrolysis of some of the aluminum salts or of

the pure oxide.

THE HISTORY OF ALUMINUM PRODUCTION.

So far as history informs us, Wohler, in 1827, first obtained

metallic aluminum, reducing it by the aid of metallic potassium

from aluminum chloride. The metal was a dry powder in a finely

divided state. It was very impure, and was only a metallic curi-

osity. Deville, twenty-seven years later, in 1854, was the first to

produce the metal in any quantity, or with any degree of purity.

It is curious to note that the first pure aluminum made was by

electrolysis. Both Bunsen and Deville reduced the double chlo-

ride of aluminum and sodium by electricity generated by galvanic

batteries. But at that time the dynamo was yet a machine of the

future, and electrolysis was soon abandoned for the sodium pro-

cess by the successful concerns in the manufacture of the metal,

although experimental efforts have been made with electricity

from that time to this. The first aluminum made in 1855 was

valued at $90 per pound. In 1857, with the development of the

sodium method of reduction, the price was lowered to from $28 to

S32 per pound. In i860 the price was again lowered to about $17
per pound, and from 1862 to 1887 the price ranged from $12 per

pound upward, according to purity. In 1887 the price was re-

duced to $5 per pound; and it was at this price that the first metal

was sold, made by the new concerns built during that year. In

1889 the Pittsburg Reduction Company reduced the price to $2

per pound. The English works of the Pittsburg Reduction Com-
pany commenced in 1890 to sell the metal in England at five shil-
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ling ($1.21) per pound. In May, 1896, the price in New York was

35 cents per pound. In October, 1897, the price of No. 1—99 per

cent, pure aluminum for rolling was 40 to 45 cents per pound, ac-

cording to quantity. No. 1 ingots for remelting, 37 to 42 cents,

and No. 2—90 per cent, pure, for remelting with iron or steel, 31 to

34 cents per pound.

About 1857 the famous works at Salindres, France, were

established. These enjoyed the reputation of making not only

the best but the greatest quantity of aluminum in the world. The
care and skill shown, and the ingenious devices and precautions

taken by the firm to prevent impurities in the metal by the cumber-

some and expensive sodium process in which there were so many
opportunities for the addition of impurities, were worthy of the

highest praise. From 1874 to 1882 the French company at Salin-

dres was the only concern making pure aluminum.

Early in 1888 the Alliance Aluminum Company started works

at Wallsend-on-Tyne, England, using a process which was an

innovation upon the Deville sodium process. It used the fluoride

or the double fluoride of aluminum and sodium, cryolite, as the

compound to be reduced instead of the chloride or the double

chloride of the metal. Professor Nette, the managing director of

the concern, also had a process for producing metallic sodium

cheaply by allowing fused caustic soda to trickle over incandescent

charcoal in a vertical retort. Some very excellent aluminum was

produced at these works. They became involved, however, in a

lawsuit, with the Aluminum Company, Limited, and the newer

processes coming up caused them also to close their works, which

have now been shut down for over a year.

ALUMINUM PRODUCTION BY ELECTRICITY.

The first actual reduction of aluminum in a metallic state on

a practical scale, by the aid of electricity, electrically decomposing

the chloride, was by Deville in 1854. Even then the idea was old,

for Sir Humphry Davy, in 1810, publicly described the successful

experiment made in 1807, in which he connected the negative pole

of a battery of 1000 double plates, with an iron wire which he heated

to a white heat and then fused in contact with moistened alumina,

the operation being performed in an atmosphere of hydrogen.

The iron, upon analysis, was found to be alloyed with aluminum.

Bunsen in Germany, and Deville in France, in 1854 each

electrolyzed the double chloride of aluminum and sodium. Le

Chatelier obtained English patent No. 1214 in 1861, and Monckton,

in 1862, English patent No. 264 for the reduction of aluminum by
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aid of electricity. In fact, Richards says that the Monckton patent

"proposes to pass an electric current through a reduction chamber,

and in this way to raise the temperature to such a point that

alumina will be reduced by the carbon present," showing not only

that the use of electricity for reducing aluminum was old, but that

the idea of the electric furnace dates back to 1862.

The newer pure aluminum processes using electricity, of Hall,

Heroult and the Bernard Brothers, with the help of Minet; together

with the alloy processes of the Cowles Brothers and of Heroult,

are the only ones that have been of late worked upon a commercial

scale.

Besides these, there have been a host of other electrical at-

tempts and experiments for the manufacture, since the success of

some of the other companies using electricity became known.

THE HALL PROCESS OF ALUMINUM PRODUCTION.

The Hall process consists in electrolyzing alumina dissolved

in a fused mixture of fluorides of aluminum and sodium, or of

fluorides of aluminum and potassium. In fact, Mr. Hall mentions

in his letters-patent No. 400,667 a fused bath in which the

alumina is dissolved in the fluoride of aluminum, together with

the fluoride of any metal more electro-positive than aluminum.

As the Pittsburg Reduction Company uses the .process, it

places the mixture of fluoride salts in a row of carbon-lined iron

tanks placed in series. The pots, together with their carbon lin-

ings and the reduced metal in the bottom of the pots, become the

negative electrodes or cathodes. The positive electrodes or

anodes are a series of carbon cylinders, 3 inches in diameter, at-

tached by f-inch copper rods to the copper conductors by the aid

of suitable clamps. The current of 5000 amperes and 50 volts

is turned on, and the mixture is melted by the heat developed in

the passage of the current through the fluoride mixture. In less

than two hours' time the mixture becomes fluid, and the alumina

is added. The electrolyte then becomes a much better conductor,

"the resistance of the pot" falls so as to require only about 8 volts,

and the operation of electrolysis commences. The alumina in

solution, or, as some claim, the fluoride of aluminum is decom-

posed; the metal being heavier than the electrolyte, sinks to the

bottom of the pot, and the oxygen goes to the positive carbon

electrode, uniting with a portion of the carbon and escaping as

carbonic acid gas; or, as is maintained by some, the aluminum of

the fluoride of aluminum is deposited, and the fluorine attacks the

dissolved oxide, reforming fluoride of aluminum, and thus main-
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taining the integrity of the original electrolyte bath, the oxygen
going off, as in the other case, at the positive electrode.

DETAILS AND ADVANTAGES OF THE HALL PROCESS.

In the practice of the Hall process the heat is retained in the

molten bath by a covering of finely powdered carbon on the sur-

face of the molten mixture. On top of this carbon raft the pow-

dered alumina is placed, and when the voltameter attached to each

pot shows a rising resistance, the pot-tender stirs in more heated

ore from the surface of the pot. The carbon soon comes to the

surface, when a fresh supply of ore is placed on it. The feeding

is thus easily made continuous, and, as the electrolyte remains

constant it requires only the removal of the metal to make the

entire operation continuous. The pots are run for months at a

time. The following are the chief advantages of the continuity ot

the process:

i. Parity of the Metal. After the first run of metal is cast,

carrying with it all the iron and silica, or rather the reducible im-

purities of the electrolyte, the only other sources of impurity are in

the pure alumina added and in the ash of the positive carbon

electrodes, which are worn away. The weight of carbon burned

away is a little less than that of the metal produced.

2. Saving of Material. The loss of metal and ore in a finely-

divided state in the bath, which occurs when a shut-down is re-

quired, is avoided. To be sure, this lost metal can be largely

regained by melting again; but in melting down, the metal in a

finely-divided state is found to be almost entirely redissolved.

As continuously carried on, the loss of metal is practically noth-

ing, every particle being reduced; undoubtedly it is often reduced

more than once by being redissolved before settling through the

bath to the metal below, when the ore gets out of the electrolyte

and it becomes acid. At the same time, as there is no slag or other

waste product, solid or liquid, evolved, and as the gases can carry

off none of the aluminum, all of the aluminum in the ore added,

is finally brought out in ingot metal, a result that is seldom ex-

perienced in the reduction of other metals from their ores.

j. Economy. The original heat of the electrolyte is con-

stantly maintained, and the only supplies needed are the constant

electric current, the alumina ore and fresh carbon electrodes to

replace those worn out, with only occasional additions of fresh

electrolyte to replace the small loss of that taken out with the ingot

metal or that which has become decomposed by the workmen
carelessly letting the pots get out of ore. This decomposition



NOTES ON ALUMINUM. 17

of the electrolyte means an infusible "cake," as the workmen call

it. settling" to the bottom of the pot and filling it up. When the

pots are not skilfully run, or more easily decomposing electrolyte

mixtures are used, this accumulation shortens the run of the pot,

and also decreases the output. In the regular practice of the

Pittsburg Reduction Company there is practically no decomposi-

tion of the electrolyte, and a pound of aluminum is made with an

expenditure of about 22 electrical horse-power per hour.

This electrical energy, expended in heat, is not very costly,

as water-power may be used at a cost of $12 per horse-power per

annum. Allowing 25 per cent, for loss in converting mechanical

into electrical energy, and supposing 75 per cent, of the remaining

energy to be converted into heat, Professor Richards has calcu-

lated the heat generated by one horse-power during one year as

8,400,000 heat units.

The Hall process can be successfully carried on entirely inde-

pendently of carbon, using a thick iron or copper tank, and either

iron or copper electrodes. The deposition of the metal is nearly

as large as with the use of carbon electrodes; but the metal is, of

course, alloyed with the copper or iron worn away from the posi-

tive electrode.

The Pittsburg Reduction Company has made, by this pro-

cess, alloys of aluminum with iron and copper similar in character

to the alloys produced by the Cowles and Heroult alloy processes.

THE HEROULT AND MINET PROCESSES.

Almost at the same time that Hall invented his process for

manufacture of aluminum, in the early part of 1886 (his first patent

application, dating July 9, 1886), M. Pierre Heroult commenced
operations, and afterwards took out English patent No. 7426, of

1887, fluxing alumina with cryolite. The bath was put into a

graphite crucible, which served as a negative electrode, and this

was put inside a larger crucible, the space between the two being

filled with graphite, and the carbon positive electrode being im-

mersed in the fused bath. The ideas of M. Heroult and Mr. Hall

were very nearly identical at the start. M. Heroult attempted to

obtain an American patent, and was declared in interference with

Hall; and, after the testimony as to dates of invention and of ap-

plication for patents had been taken, M. Heroult withdrew in favor

of Mr. Hall. This process was practically abandoned for a while

by M. Heroult in favor of his very successful alloy process of

electrolyzing and reducing molten alumina; but, since 1889, when

a growing demand sprang up for pure aluminum, and the success
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of the Hall process became known, two concerns have begun
working under the same principles—the Aluminum Industrie

Actien Gesellschaft, at Neuhausen, Switzerland, and the Socie e

Electro-Metallurgique de France, at Froges (Isere) in France.

The process, commonly called "the Minet process," as de-

veloped and used at the works of the Bernard Brothers, at Creil,

Oise, France, consists in electrolyzing a mixture of sodium chlo-

ride with aluminum fluoride, or with double fluoride of sodium

and aluminum, their English patent dating July 18, 1887, No.

10,057. This company has been doing successful work and is

now putting on the market aluminum of good quality. Thus it

will be seen that there have developed apparently three separate

electrolytic processes for the manufacture of pure aluminum at

about the same time, and all of them are working on about the

same lines. These, together with the Cowles and Heroult pro-

cesses for the manufacture of aluminum alloys, have, for the past

two years, distanced all competitors manufacturing by the aid of

metallic sodium, and are to-day in the possession of the aluminum

market of the world.

THEORETICAL COST OF MANUFACTURE BY ELECTROLYSIS.

Theoretically, the cost price, calculated by Mr. Hunt, of the

manufacture of aluminum by direct electrolysis has already been

brought down very low as compared with the cost of the more

complicated processes of a few years ago. The cost per pound is

about as follows:

2 lbs. of alumina (A1 2 3 contains 52.94 per cent. Al 2 ) at 3 cts $0.06

1 lb. of carbon electrode at 2 cts .02

Chemicals, carbon dust and pots .01

22 E. H.P. exerted one hour, water power being used .05

Labor and superintendence .03

General expense, interest and repairs .03

Total %o.2Q

The works of the Pittsburg Reduction Company were built

to practice the Hall process, and began in a comparatively small

way in Pittsburg in 1888.

This plant was increased by the building of works at Niagara

Falls to utilize the power of the great plant of the Niagara Falls

Power Company which are now in very successful operation using

thousands of horse-power.

Another new plant, operated by steam, has recently been built

at New Kensington, near Pittsburg, and still another is being

built below Niagara Falls, to utilize power from the old surface

canal.
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Besides these, large works are in operation in England,

France and Switzerland.

"With all these immense plants in operation we may expect to

see the price of aluminum nearly or quite reach the theoretical

cost of 20 cents per pound, calculated by Mr. Hunt.

DISCUSSION.

H. G. Field.—I have just returned from a meeting of the

American Street Railway Association at Niagara Falls. While

there, I learned from Mr. Candee, one of the leading manufac-

turers of insulated wires, that he has under advisement at the

present time the' possible use of aluminum to replace copper as an

electrical conductor.

There are numerous objections to be overcome, both as to

structural considerations and as to the cost of insulating and

handling.

The electrical conductivity of aluminum, in equal lengths

and the same weights, is approximately twice that of copper; but,

for the same cross-section, the specific resistance of aluminum is

nearly double that of copper.

The additional diameter of aluminum over that of copper for

the same conductivity, will increase the cost of- insulation for the

same conductivity. The larger diameter also means more surface

for the leakage of current, and the insulation resistance will be

less, unless the thickness of the insulation is increased. An in-

creased thickness of insulation means increased electrostatic ca-

pacity as well as greater cost.

Moreover, it is found that if aluminum wires, of ordinary size,

such as are used for electrical conductors, are bent once through

an angle of 90 and back, they will break, whereas ordinary com-

mercial copper conductors will stand from 15 to 20 of these same

bendings before breaking.

These are all objectionable features, and it would therefore

seem doubtful whether aluminum conductors will prove merchant-

able. If such conductors are to be made commercially valuable

it seems that the method of protection must necessarily be re-

duced to that of a mechanical covering, such as a braid or a

series of braids treated with a bituminous composition to make it

weatherproof, and also to assist in mechanical strength. This,

however, will limit the use of aluminum for electrical conductors

to special applications and prevent it from coming into general

competition with copper.

As particularly applicable to aluminum in the conduction of
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electrical currents I observed, at the Niagara Falls Power Com-
pany's works, 500 conductors about 000 B. & S. gauge, used for

carrying the current from the buss-bars in the dynamo room up

through the penstock shaft into the factory above, a distance of

something over 200 feet. These conductors were not insulated,

except by a coating of paint over each one. Each set, of 250 each,

is run in a separate wooden trough up through this shaft. This

is the only insulation provided. These conductors are riveted to

the copper buss-bars at the terminals. The dynamos connected to

these buss-bars have a normal capacity of 4000 to 6000 horse-

power.

I would state also that the Westinghouse Manufacturing

Company is now using fuses of aluminum for switchboard work.

These fuses are long and made of thin sheet metal, with reduced

sections at the center. I brought one with me from the Pittsburg

Reduction Company, and will pass it around for examination.

These are found to be accurate in rating, and mechanically ser-

viceable, and in these respects superior to the common soft metal

fuses.

Alex. Dow.—Mr. Field has noted two uses to which alumi-

num has been put in electrical engineering. The fuses made of

aluminum ribbon have been on the market for a little time, and

have been in use in Detroit for about a year past on high-tension

alternating circuits. The tendency, on these circuits, is to avoid

the use of fuses made of alloys, which are less certain in their

action than fuses made of pure metal. For transformer fuses a

wire of aluminum is sometimes used, but the preference there

appears to be for fine copper wire in specially designed holders.

For larger currents, such as pass through feeder fuses, the alumi-

num ribbon is very satisfactory, both mechanically and electrically.

It is not injured by being pinched under the terminal screws, and

it fuses at the predetermined current, but is not altered by being

traversed by a less current. Fuses made of alloys, if heated and

cooled many times, are apt to melt at a less current than their

rating; so that one does not know what to expect of an alloy fuse

which has been in service for some time.

As to the use of aluminum for electrical conductors: the

instance to which Mr. Field has referred, namely, the vertical con-

ductors which are led up the clifr near the "Maid of the Mist" land-

ing at Niagara, is, I believe, a solitary instance. The objection

to aluminum as a conductor, in competition with copper, is that

a greater cross-section is required for equal conductivity, and the

greater cross-section means a greater periphery. As almost all
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electrical conductors are of circular cross-section, there is no

opportunity to vary the relation between periphery and area of

cross-section. All electrical conductors must be insulated. When
the conductors are vised within buildings or laid underground the

insulation is in the form of a continuous covering of india-rubber

or of some analogous dielectric. The cost of this continuous

covering is a very large proportion of the total cost of the con-

ductor; and its quantity is proportional to the total surface of the

conductor, and therefore to the periphery. It results -that the

cost of insulation, on an aluminum conductor, of a given capacity,

will be much in excess of that on an equal copper conductor.

When conductors are not continuously insulated but are in-

tended to be hung on poles outdoors, the cost of a covering does

not enter into the cost of the line; but the objection to aluminum

takes the same form, namely, too large a periphery for a given

conductivity. It is seldom that the vertical stress, due to the

weight of conductors, is of importance in the estimate of the

expense of a telegraph, telephone or power transmission line

erected in the common American fashion. The practice is to use

poles whose strength, in a vertical line, is greatly in excess of

that necessary to carry the weight of the wires. But in all parts

of the United States a most important factor is the stress along

an approximately horizontal line due to wind pressure. This

stress is obviously proportional to the projected area normal to the

line of stress—in other words, to the diameters of the wires strung

on the pole line. The increased diameter of aluminum wire would

require a much greater transverse strength of poles or much
heavier bracing against wind pressure. In the Northern States

another factor which must be considered and which indeed is the

factor responsible for most of the extensive wrecks of telegraph

and telephone lines, is the weight of the sleet or wet snow which

has to be supported by the wires when certain atmospheric condi-

tions prevail. It is nothing uncommon for a wire to be loaded

with a continuous icy covering having a thickness of | to 3-16 of

an inch, whose weight is many times that of the metal in the small

conductors used in telegraph and telephone service. As pointed

out in connection with continuous insulation of conductors, the

quantity of this covering, and therefore its weight, is proportional

to the periphery of the conductor. I should expect that a pole

line having aluminum conductors equal electrically to those in

use by the long distance telephone company would be utterly

wrecked at least once a year if erected in the lake regions, unless

there were used about three times the numbers of poles, struts and

stays that are customary for the existing copper conductor lines.
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For the moving parts of galvanometers and other electrical

instruments where lightness is of importance, aluminum has come
into use, but the quantity required for these purposes is a trifle.

In some galvanic cells, aluminum has been used as an element.

In what might be called electrical hardware it has proved itself

as useful as in similar lines of manufacture. But I think it is fair

to say to-day that the new metal has been of much less value to

electrical engineering than electrical engineering has been to the

new metal, and that this condition of affairs is likely to continue.

Mr. Smith has shown that electrical processes of production are the

only processes by which aluminum is now being prepared for the

market, while, as I have pointed out, the electrical uses of alumi-

num are so far of little importance.

W. J. Keep.—The influence of aluminum in cast iron was

determined during a series of experiments which I made in 1887,

and was the subject of a paper read before the American Associa-

tion for the Advancement of Science in 1888. It was discov-

ered that aluminum in cast iron changed combined carbon into

graphite, thereby making white iron gray, hard iron soft and

brittle iron tough, and that it reduced shrinkage. These experi-

ments were made at the request of the Messrs. Cowles, who
had just begun to make an alloy of 10 per cent, aluminum, 5 per

cent, silicon and 85 per cent, iron, and wished to know if a small

quantity added to cast iron would not materially strengthen it.

After the results of these experiments were published it was sug-

gested that it was the silicon in the Cowles alloy, and not the

aluminum, that produced the results. I obtained enough pure

aluminum from Germany to duplicate the experiments, and found

that the action of aluminum was the same as that of silicon, but

that only one-third as much aluminum was needed to produce a

given result. The result of these experiments was given to the

American Institute of Mining Engineers, and is found in their

Transactions of 1889, vol. xviii.

In this paper I stated that there were practical difficulties

which prevented the use of aluminum in cast iron, and that in-

creasing silicon, which could be purchased at pig iron prices,

would do all that aluminum could do. I stated that the only iron

that could be benefited by either was that which was deficient in

silicon, and that additions to iron already soft and gray would

make it weaker. In making malleable iron castings, the effort

is to get most of the carbon in the combined state before the

molds are filled, and an addition of aluminum changes it back to

graphite.
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While these experiments were in progress, Captain Hunt, of

Pittsburg succeeded in making pure aluminum, and sent me
enough to allow of transverse tests and of a comparison with other

metals. Previous to this time the general impression was that

aluminum was as strong as steel, while it was only one-third as

heavy. These tests showed that it was about as strong as brass,

bulk for bulk.

These investigations were reported in another paper in the

volume referred to.

Regarding the influence of aluminum in wrought iron and in

steel castings, I made the following experiments with the metal

received from Captain Hunt: The Detroit Steel and Spring

Works volunteered to melt 80 pounds of wrought iron, and I pre-

pared five molds for test bars. A mold was to hold 13 pounds.

I provided four long sticks of carbon, to the ends of which were

attached, respectively 3, 7, 5 and 3 ounces of aluminum. After

being in the furnace six hours, the pot was drawn and the first

mold was filled. The pot was set down on the iron floor, and I

was told that the metal was too thick to do anything with, but, as

it could do no harm, the 3 ounces of aluminum was stirred, and,

to the surprise of all, the metal was more fluid than before. After

filling the second mold, the 7 ounces was stirred in and another

mold poured, and so on. Eighteen ounces of aluminum was

melted and four carbon sticks of one inch diameter were heated

white, and the pot set on the cold floor five times, and yet the

metal remaining was whiter and more fluid than when taken from

the furnace, and when poured on the floor spread out in a slab \

inch thick.

This series of test bars was made with 1.50 per cent, carbon

steel. It was thus proved that aluminum lowered the melting

point of wrought iron and made it very much more fluid. The

molds proved too rigid, and each test bar cracked. This made it

necessary for me to remelt them in my own crucible furnace.

While I could not melt wrought iron. I could remelt that which

had been melted at the steel works. The metal containing addi-

tions of aluminum melted readily and I got good bars. This re-

melting settled the question of lowering the melting point and

proved that the aluminum remained in the metal. The test bars

from the melted wrought iron had blowholes extending through

their entire length, but even so little as 1-10 of 1 per cent, of

aluminum made perfectly solid castings. Very many makers of

steel castings use aluminum, and others use silicon, to prevent

blowholes and to increase fluidity, but too much aluminum so
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increases the size of the grain as to make the casting weak. In

the experiments referred to, each addition of aluminum made the

casting harder, stirrer and stronger, but after reaching 3 per cent,

the coarse crystallization so weakened the alloy that with 10 per

cent, it was weaker than pure aluminum.

With 50 per cent., the test bars fell apart of their own weight,

and, after being left 3 months, they had fallen into a fine powder.

The paper on "Aluminum in Wrought Iron and Steel Cast-

ings" is also in vol. xviii. Taken collectively, so far as I know,

these are the only tests that have been made public regarding the

influence of aluminum in iron.

The addition of steel scrap to cast iron, to produce semi-

steel castings, and the use of aluminum to make it fluid and free

from blowholes is a subject of general interest. The addition of

about 20 per cent, of wrought scrap to cast iron generally increases

the strength from 15 to 25 per cent., probably on account of a

mechanical mixture of the pure iron with the cast iron, and not

from the change in chemical composition, because cast iron made
in the blast furnaces and of the same composition is not necessarily

strong.

A. Geo. Mattsson.—Within the last few years a higher grade

of cast iron, popularly called "semi-steel," has found its way into

the foundry among some of the marine engine builders on the

Pacific coast, as well as on the great lakes.

In our own city the Riverside Iron Works adopted this metal

in 1893, and the Dry Dock Engine Works in 1895, both firms hav-

ing purchased the manufacturing right under the McDowell

patent.

This mixture consists of ordinary cast iron and scrap steel

plate, melted together in the cupola, and in the bottom of the ladle

is added a very small quantity of aluminum alloy, consisting of 80

parts of iron and 20 parts of aluminum.

The usual transverse strength is 3000 pounds, measured on

bars 1 inch square and 12 inches between supports. The strength

can easily be increased to 3500 pounds by adding more steel

scrap.

The 3000 pounds metal is but little harder to work than ordi-

nary good cast iron, which we have found to possess a transverse

strength of 2000 to 2500 pounds.

The 3500 pounds metal is somewhat harder on the tools than

cast iron, but not hard enough to cause difficulties of any kind.

The price is but little greater than that of cast iron, as the steel

scrap can be bought cheaper than the former. In fact, conside--
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ing the increased strength, semi-steel certainly does not cost any

more than cast iron. We use it wherever a reliable and strong

casting is wanted.

The cross-section of semi-steel is very close grained and uni-

form, and presents an excellent wearing surface when finished.

A few efforts have been made to produce castings of alumi-

num bronze at the foundry of the Riverside Iron Works, princi-

pally for small propellers where any reduction in thickness of the

blades is very appreciable, but owing to the difficulty of properly

mixing aluminum with the copper, the former, on account of its

lightness, tending to float, the attempts have met with but little

success. The only way to "make sure of a sound casting is to re-

melt the mixture two or three times.

At the Dry Dock Engine Works a copper, tin and aluminum

alloy of the following proportions is used regularly to produce a

strong and free-running bronze: 7 pounds of copper, 1 pound of

tin; to each 75 pounds add 1 ounce of aluminum.

As a conclusion we may safely say, however, that the per-

missible amount of aluminum, as an alloy either with cast iron or

bronze, is very small indeed.

Jesse M. Smith.—Among other properties of aluminum

may be mentioned one of considerable importance; namely, the

galvanic action which is set up when it is brought into contact

with other metals in the presence of moisture, particularly, when
the moisture is either acid or saline.

Of the common metals, aluminum is the most electro-positive;

and when it is brought into contact with any of the other common
metals a galvanic battery is formed.

As in such a battery it is the electro-positive metal which is

attacked or eaten away first and most rapidly, it follows that alumi-

num always goes first and fastest whenever a galvanic action is

set up.

The strength of this destroying galvanic action increases with

the different common metals in the following order: Manganese,

zinc, iron, lead, tin, copper, silver, gold, platinum, carbon.

Care should be taken, therefore, in structures made of different

metals exposed to moisture, such as boats in salt water, that alumi-

num does not come in contact with carbon, copper, tin or lead;

but preferably, if necessary, with zinc or iron.

Aluminum is distinctly porous, particularly in the form of

castings, and it cannot be relied upon to retain liquids or gases

under a pressure exceeding 100 pounds per square inch.

The comparatively low melting point of aluminum, being
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about one-half that of mild steel, and the fact that it has a "critical

point" at between 300 and 400 F., at which it loses its strength

very rapidly, precludes its use for steam boilers.

A peculiar use of this metal, which I understand has already

become quite extensive, is in making lithograph plates to be used

in place of the cumbersome and expensive stones that are imported

from Germany. It is said that finer and better work can be done

on the aluminum plates than can be done on stone.

The price of aluminum is practically equal to that of brass,

bulk for bulk; and it is cheaper than copper, section for section.

It is said that between 600 and 700 tons of aluminum were

used in 1896, and that double that amount will be used this year.
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HYDRAULIC RAMS.

By J. Richards, Member of. the Technical Society of the
Pacific Coast.

[Read before the Society, September 3, 1897.*]

The paper I will have the honor to present before the Society

this evening comprehends but a part of the subject-matter of a

more pretentious essay on the subject of "Impulsive Hydraulic

Apparatus," that has not been completed, for a reason only too

obvious to nearly all the busy" members of societies of this kind

—

the want of time.

The paper was incautiously mentioned to one of the Execu-

tive Committee and to the Secretary, who has called it up in its

unfinished state, and who are, therefore, in a degree responsible for

what it lacks in completeness.

The name "impulsive hydraulic apparatus" is borrowed from

the classification of the British Patent Office. It covers a class

of machinery and devices in which the implements we call

"hydraulic rams" form but one division.

This general title would have rendered the present paper

pretentious, so it has been called "Hydraulic Rams," and will, as

far as possible, be confined to these ridiculously named imple-

ments.

Before coming to the subject of hydraulic rams, it will be

proper to mention the exhaustive investigations in the action of

fluids set on foot in France at the beginning of this century, and

which even at this time constitute the main source of information

on this subject. The names of Fourneyron, Jonval, Bourdon,

Girard, Morin, Montgolfier and others are known all over the

world in connection with hydraulic and other fluid apparatus.

The investigations in hydraulic apparatus were no doubt

instigated in some degree by Montgolfier's invention of the hy-

draulic ram, about 120 years ago, and may be said to have cul-

minated in the invention of Giffard's induction devices, the injector

and ejector, for elastic and inelastic fluids, introduced about forty

years ago.

Since that time progress in fluid apparatus has been more
widely diffused, producing in this country the centripetal turbine

and tangential wrater wheels, in England the Parsons, and in

Sweden the De Laval steam turbines, with much else of an im-

portant and interesting nature.

*Manuscript received January 13, 1898.—Secretary, Ass'n of Eng. Socs.
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Hydraulic rams, if we consider only what may be called the

commercial type of these implements, have remained without

much change for a century past, or since their invention by Mont-

golfier, but there have been some important inventions made in

impulsive apparatus that are commonly classed under this name,

as, for example, the air-compressing apparatus invented and

applied by Sommellier at the construction of the Mount Cenis

Tunnel and the hydraulic engines of Mr. Pearsall, brought out

in England about 1885; also various other special machines, for

forcing and raising water by impulsive action, that have not

become known as a manufacture.

This long period of use and experiment with common hy-

draulic rams has not, however, as in most, or, indeed, nearly all,

other cases, led to an evolution in their adaptation and construc-

FlG. 1.

tion. As before remarked, they have remained very nearly in

their original form; and, in this country, instead of keeping pace

with other hydraulic apparatus, have degenerated into a kind of

staple manufacture, like hardware, with a continued effort toward

cheapness, until we are distinctly behind European makers in

design, efficiency, durability, certainty of action, and especially

in devices for use against high pressures.

Fig. 1 shows a type of the hydraulic rams made in this coun-

try, and very closely followed by several of the principal makers.

I need not point out that it is not a design that commends itself.

It shows a struggle for cheapness and a want of harmony, espe-

cially marked in contrast with European practice.

In illustration of this, I have prepared outline drawings from

some examples by a well-known maker in England, Mr. John
Blake, of Accrington, who makes a great variety of hydraulic
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rams to raise water up to 800 feet or even 1500 feet by compound-

ing; raising either the water employed as power, or other water

when required. These rams can be arranged to start and stop

automatically. •

Figs. 2 to 6 show side elevations of hydraulic rams by this

maker. The prices demanded for these are about five times that of

the common trade rams sold in this country.

This matter of price I mention not wholly as a disparagement

of the practice here; because the rams, such as are shown in Fig. 1,

perform under fair efficiency for low heads or pressures, and be-

Fig. 2. Fig. 3.

Fig. 4.

come available in many cases for private use when better and more
expensive apparatus oould not be afforded. Still, this does not

excuse our position in the art as a whole.

In France, Germany and Switzerland, hydraulic rams are

made of less weight and strength than in the English examples

shown, but are commonly far superior to those made in this

country. I am not able to furnish drawings of various European

rams without extending the graphic part of this paper beyond

the limit of its importance. Such drawings would only disclose

modifications of arrangement and proportions, the mode of opera-

tion being substantially the same throughout in what has been

called the commercial types.
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A hydraulic ram consists essentially of supply and delivery

pipes, waste and check valves, a main chamber and an air vessel.

The mode of operation is to permit a flow in the supply pipe by

an escape of water, and then, suddenly checking this flow, to direct

the energy or momentum of the water in the supply pipe to driving

water through a check valve into the air vessel and thence through

a delivery pipe.

The theoretical and computable elements involved in the

action of hydraulic rams are simple, so far as the principal forces

are concerned, but there are conditions and phenomena in such

action that have, in the case of the small rams at least, confined

nearly all rules to observed instead of computed results.

Fig. 5. Fig. 6.

Molesworth, in his engineering pocket-book, says, of hy-

draulic rams: "One-seventh of the water can be raised about

four times the head of the supply; or, one-fourteenth of the water

to eight times the head; or, one-twenty-fourth to sixteen times

the head, and so on."

He also provides tables in which the height to which the

water is raised, divided by the supply head, gives results as fol-

lows :

Fourteen to one efficiency, 75 per cent.

Fifteen to one efficiency, 28 per cent.

Twenty-five to one efficiency, 10 per cent.

If, by efficiency is meant the proportion of energy utilized,

I need not say that the two statements are inconsistent, or that,

if the constructive features of a machine are adapted to the head
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or pressure, the efficiency should be uniform, or nearly so, for all

heads within common practice, with a limitation that no litera-

ture on the subject has dealt with, so far as I know,—that is, the

resistance offered by the inertia of the water over and resting on

the check valves. This matter will be dealt with further on.

On this subject of the literature of the hydraulic rams I will

venture the statement that it is scant, of bad quality, and has never

lent much aid to those who are practically engaged in making

such implements.

For example, Molesworth gives as a proper length for the

supply pipes 2.8 times the fall. Other authorities increase this to

four and some fraction. The value of these rules will be apparent

when we consider the fact that there are, in successful operation,

Fig. 7.

hydraulic rams with supply pipes 25 times the head in length, and

that this feature is not a matter of much concern to those who
make and erect such apparatus.'

At Rockford, in Illinois, there has been in operation, for more

than a year past, a large hydraulic ram, shown in Fig. 7, having

a supply pipe 2000 feet long, under a head of about 80 feet. It

was designed and made by Mr. D. W. Mead, of that city, for the

purpose of municipal supply. The period of its strokes is from 15

to 20 seconds. The drawing was made from a photograph of the

apparatus, furnished to me by Mr. Mead, with whom I am per-

sonally acquainted. It may be observed that the whole structure

is pieced up of common service pipe.



32 ASSOCIATION OF ENGINEERING SOCIETIES.

I do not claim that a ram will operate as well with a very long

supply pipe. Indeed, I have increased their efficiency by shorten-

ing the pipes; but this, I imagine, depends on the construction of

the valves more than on any inherent condition of operating, such

as is indicated by the rules before referred to.

So far as I am aware, there has been no careful attempt to

analyze the various forces involved in the operation of common
hydraulic rams, except that of the momentum of the driving water

at assumed velocities, nor can we reasonably expect much more.

There is the force required to open the waste valves that are

commonly assumed to open by their gravity, exceeding the pres-

sure of the supply water that holds them shut. This was, no doubt,

one of the conditions originally laid down by Montgolfier. It is

a logical and reasonable inference; but it is also a myth, because

the weight of a waste valve, while determining to some extent

the period of its closing, has in practice but little to do with its

opening. This latter operation depends upon what some one,

without regard to scientific nomenclature, has happily termed

"regurgitation," an excellent name for a thing one does not

understand. In this case it means a kind of rebounding action of

the water, supposedly inelastic, such as would occur with a gas or

elastic fluid, and lies wholly outside of any known law in hy-

draulics.

My own observations of this matter, confirmed by those of

Mr. C. I. Hall, a member of this Society, lead to the opinion that

this forcible and rhythmic action of the waste valves, the most

obscure of all in the operation of hydraulic rams, is a result of elastic

resistances caused by the closing of the check valve, the yielding of

the pipes, the water chamber and the air vessels, with perhaps some

air in the water, which, all combined, set up a resilient action.

This is mainly conjecture, and is so presented. I may mention

here that in some recent experiments made by Mr. Hall, it was

found that the slightest amount of air introduced into the driving

pipe would stop the action of the ram, cushioning the water so that

the escape valve would not open.

Another source of indeterminateness is that the velocity of

flow in the supply pipes, which is commonly computed as a product

of the head, is not so in fact. The rule of acceleration applies,

no doubt, but no one attempts to attain a maximum flow, for fear

of exceeding the synchronic period of the valves' action, and by

the limitation thus imposed the velocity does not, in my opinion,

reach two-thirds' of the theoretical flow, perhaps is less in most

cases. It is a matter regulated by the weight and range of the
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waste valve, and, like all other adjustments of a hydraulic ram,

is accomplished by sight, sound and inference.

I have had under almost daily observance, for five years past,

a small American hydraulic ram, supplied from and discharging

into tanks, so that the operation, under all possible adjustments,

and its efficiency, were continually apparent, and I must confess

that, after hundreds of alterations and adjustments, the only clue

to the efficiency of performance is by sight and sound. The
number of strokes which gives the best result, under what I con-

ceive to be proper adjustment of the valves, is 70 per minute. The
supply pipe is 50 feet long, the head is about 6 to 1, and the effi-

ciency from 50 to 65 per cent., according to the state of the pipes,

which become encrusted with some mineral deposit. These pro-

portions and numbers of stroke indicate, as I now remember, a

maximum velocity in the supply pipe not exceeding 60 per cent,

of the theoretical during the period of maximum escape.

Reverting again to "regurgitation," or the opening of the

waste valves; as before remarked, the old theory of the matter

taught in works of natural philosophy was that the valves opened

because their weight exceeded the static pressure of the head in

the supply pipe. This is now the common opinion of this matter,

but is quite erroneous. The weight of the valve has but little to

do with its opening; but a great deal to do with its closing; also, if

not carefully adjusted, in respect to the head of the supply water

and the range of the valve, it becomes a cause of serious loss.

A proof that the weight of the waste valves has little to do with

their opening movement is that the rams of commerce are usually

made with uniform valves for all heads and without provision to

increase or diminish their weight. This is, however, a mistake. It is

based on the assumption that the periods of impulse, or the strokes,

can be regulated by the range of the valves, which is true within the

common limits of length for supply pipes, but it exposes the valve

to violent concussion in the case of high heads and otherwise is

bad practice. The weight and range of a waste valve require

specific adjustment, relatively, for reasons that will be given later

on, and any other provision must be set down as an expedient for

cheap production, or as due to the inability, on the part of those

who purchase rams, to adjust them.

Perhaps the latter is a valid and sufficient reason for omitting

so obvious a requirement as a variable weight for waste valves,

because it is seldom that one is found operating under proper

adjustment, and under these circumstances the result would be

much the same, no matter what means were provided by a maker

3
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to meet the varied conditions of use. Such adjustment is a prob-

lem of sight, sound and experiment, and is consequently a mystery

to almost every one except an expert.

The losses in hydraulic rams, as before noted, arise from water

friction, from resistance of the check valves and from concussion

or shock, but mainly by the escape of water after the waste valves

begin to close. This latter, to which the inventions of Sommellier,

Pearsall and others have been especially directed, is estimated at

15 to 25 per cent., depending upon adjustment, the character of

the waste valves and their range.

Fig. 8.

It is obvious that, as soon as the waste valves begin to close,

there is resistance to the supply water; and, from then on until the

check valve opens, no useful work is performed, and all water that

escapes during this time is wasted. This is a matter by no means
simple or obvious, and it is not commonly known, even by makers

of hydraulic rams, so it has not been provided for to such an

extent as is possible.

In the Pearsall hydraulic rams, or engines, as he calls them,

shown in Fig. 8, this loss is nearly eliminated by providing a large

vertical chamber, into which the supply water is driven while the
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waste valve is closing, so that the momentum of the supply water

is resisted only by air that is entrapped in this chamber at each

stroke. Hence the energy is gradually applied without concus-

sion, and is utilized in an economical way for useful work. A dia-

gram of pressure in this antechamber is shown in Fig. 9, which

indicates a very perfect action.

The waste valve of Pearsall's machine is operated by a small

engine, driven by the air entrapped and compressed in the chamber

over the waste valve, the water falling out o f this chamber and

permitting it to fill with air each time the waste valve opens and

before the flow in the supply pipe begins.

The action of the Pearsall engine, while it is strictly of the

nature of impulse, is so distinct from that of the common hydraulic

rams that it cannot be included under this head. The action is

an interesting study, and there are many original features. Still,

PRESSUBE /A/

AIR VESSELS

PRESSURE
OF HEAD

ATMOSPHERE. v -^

Fig. 9.

it is, in general, an extension, as we may say, of the Sommellier

machines, in that there is no lost energy of the driving water in

closing or during the closing of the waste valves. Sommellier

accomplished the same thing with a series of valves that closed

successively by the effect of the water rising in the compression

chamber or air vessel. The limits of this paper will not warrant

the inclusion of drawings of these machines. They can be exam-
ined in various technical serials and in books.

This method of operating is not applicable to small machines,

and has not, I believe, been employed in any case where the supply

pipes were smaller than 12 inches bore.

I will next revert to my own connection with this subject of

hydraulic rams, and describe some practice of interest that has

had no previous publicity, except in an article prepared for the

Engineering and Mining Journal, and published in the issue of

August 25, 1896, that included drawings of several modifications

made here in San Francisco eight years before.
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In 1886, without any reference to Mr. Pearsall's experiments

and without knowing- much of the nature and objects of other

impulsive acting machines, I suggested to the late Mr. W. T.

Garrett, of this city, that we make some hydraulic rams that would

operate without shock or violent closing of the waste valves, and

in 1888 a number of experiments were made at the works of

W. T. Garrett & Co., Fifth and Brannan streets, in this city.

Proceeding in this matter, as we supposed, in a systematic

way, the first proposition laid down was to employ waste valves

that passed freely through their seats or without contact in closing.

This feature was adhered to throughout, and its object was based

on the assumption that the concussive action was destructive and

undesirable, and was a product of the range of the valve and its

Fig. 10.

diameter or capacity, and that a better result could be attained

by cushioning the waste valves.

A second proposition laid down was that a better result could

be obtained by closing the waste valves by reaction of the escaping

water than by its impingement, or current, acting under or around

the valves. These were wide departures from common practice,

but were adhered to throughout, as can be seen in the drawings

Figs. 10 to 15, now to be referred to.

In Fig. 10 A is the valve seat, B the check valve, C the escape

valve, D and E valve stems, F a curved reaction shield, also form-

ing an air piston that fits the shallow chamber G above, H a
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removable cover, I an air vent, commonly supplied with a cock,

J a weight to assist the waste valve in opening, and K the dis-

charge pipe. The valve C, as may be seen, passes freely through

its seat.

In Fig. ii, the pneumatic piston or cushion is omitted, and

the escape valve is balanced by a piston C at the bottom, that

slides in a cage or guide D. The escape valve, in closing, had

only its weight to produce concussion, and the blow was taken

by a leather washer at G. The valve closed instantly by reaction

from the curved shield A, and the operation was complete until

friction or obstruction interfered with the motion of the piston C.

The check valve was bad, as it was in Fig. 10, because of its wide,

flat seat and the difference of area between the top and the bottom.

Fig. ii

Fig. 12 shows a ram of larger size, embodying the features

of the two that have preceded, but with the difference that the

balancing piston B is less in diameter than the waste valve C, thus

permitting considerable closing force from water pressure. The
reaction shield E, cushion chamber F and other features will be

clear from the drawing and preceding description. In this case

a portion of the water was permitted to escape around the bal-

ancing piston B.

The ram shown in Fig. 13 was made experimentally and with-

out expectation of permanent use. The sliding fits about the

valve would soon either obstruct it or wear it out. The purpose

was to apply what may be called the "direct reaction" of the water,
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which was discharged through the valve D downward, escaping

at J and of course imparting an upward thrust on the valve in

proportion to the area of discharge into the pressure. The valve

had a long range and closed promptly, cushioning on air in the

chamber F and falling by gravity, modified by a weak spring I

at the top. This valve developed erratic action. It closed in-

stantly, gave a complete check to the water, but lacked the

rhythmic function which has been called "regurgitation," and

was consequently unreliable.

Figs. 14 and 15 show an interesting example of practice con-

structed after the arrival in this country of notices and descrip-

tions of Pearsall's hydraulic engine, but involves no feature of that

engine except as to the operation of the escape valve by inde-

pendent apparatus.

Fig. 13.

The machine, while faulty in several constructive points, some

of which will be hereafter explained, is believed to be in some

respects an improvement on Pearsall's engine, being capable of the

same functions with much less detail. It is less expensive and of a

more durable character.

The waste valve C, as seen in Fig. 15, is of the register type

and balanced. On the top of its stem D was a cross-arm E
having a pin F engaged by a corresponding pin G in the disc H,

on the shaft of a small gravity water wheel I, so the valve C was

turned one-sixth of a revolution, opening the ports B at each

revolution of the water wheel. The periods of discharge could

be nicely adjusted by the amount of water supplied to the wheel.

The closing movement of the valve was to be performed by a

helical spring around the stem D, but it was soon discovered that
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this was unnecessary, because the valve closed instantly, owing

to some cause not clear at the time, but supposed to be the rush

of the escaping water across the vanes a a,, seen in Fig. 15.

I will not consume time by explaining all the various con-

structive faults in this machine, but will mention one—the weight

and inertia of the water resting on the check valve N, by reason

of the vertical air chamber C. This was an impediment that

hindered the ram from operating, except at low pressures, and

was an oversight scarcely excusable in so obvious a matter. Still,

I must claim that common practice, even at the present time,

indicates that the extent of this resistance is not recognized by

makers.

Figs. 14 and 15.

I propose, in future practice, if this branch of work is followed

out, to adapt the general features of this machine for pipes 12

inches or more in diameter, when the heads are not excessive.

In respect to the rams represented in Figs. 10 and 11, these

have continued to be made to the present time by Messrs. W. T.

Garrett & Co., and I was recently informed of a case where one

was adopted and approved, after various other types had been

tried and abandoned. Some improvements now in course of

application will add a great deal to the efficiency of these machines,

and adapt them for higher pressures.

This includes, with some important exceptions, my work and
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observations respecting hydraulic rams down to the beginning'

of the past year, when, in reading over some portions of Prof.

Henry Robinson's late.work on "Hydraulic Power and Hydraulic

Machinery," I came across the statement that it had not been

found practicable to employ waste valves for hydraulic rams larger

than 4 inches in diameter. I was well aware of the fact, as indeed

every one is who has experience with the common concussion

valves, but I had not before seen recognition of this in a work of

authority.

It is true that rams are advertised and sold to receive supply

pipes of 6 inches bore, but any one who will examine the matter

will find the difference between a 4-inch and a 6-inch ram is con-

fined to a flange at the inlet way to receive supply pipes for one or

the other of the sizes, so the limit is about 4 inches diameter, or 12

inches of area, and very few of this size are sold. The true limit is

about 3 inches diameter. This circumstance caused me to take up
the subject again as time permitted, and, while I am not engaged in

manufactures or engineering work at this time, and consequently

have not made experiments, I believe that the work done amounts

to a substantial advancement of the art. The object of the re-

mainder of my paper will be to present this work, respecting which

I invite full discussion.

To proceed in a methodical way, I first laid down the follow-

ing premises:

First.—A principal loss of energy in hydraulic rams is by the

water escaping during the closing of the waste valves.

Second.—The amount of water and energy thus lost is as the

time consumed in closing the waste valves.

Third.—The time required for the waste valves to close is

approximately as their range, or the distance moved.

Fourth.—The range or distance that common waste valves

have to move in closing is as their area.

Fifth.—The destructive effect of the violent closing of the

waste valves is as their weight and range, or a product of their

weight and velocity.

Sixth.—Hydraulic rams of small sizes, having valves not

exceeding 3 inches in area, are reliable and durable. Larger

valves are neither, and commonly fail.

Assuming that these postulates represent the conditions to

be met, I propose as follows for machines having from 4 to 12

inches bore:

(1) To subdivide the escape valves and increase their num-
ber instead of their size, employing from one to a dozen, or as
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many as the volume of water requires, thus keeping the range

and time of closing down to that required for one small valve.

(2) To employ, in rams of the larger sizes, grid or multi-

ported valves, whereby a larger area is opened by a short move-
ment.

(3) To avoid the addition of any moving parts, and confine

the machines to their most simple form, without springs or loose

pieces, and to one simple adjustment of the valves.

(4) In machines exceeding 12 inches, to employ rotary lan-

tern valves and an antecompression chamber to avoid concussive

action.

Fig. 16. Fig. 17.

On these propositions I set out to design machines that

would embody and apply in practice what inference points out,

beginning with a unit valve of 5 inches area, shown in Fig. 16.

This valve is to form one of the multiple series for rams having

supply pipes to 6 inches diameter.

These valves, as will be seen, are supported from the top, clear

of sand, arranged to receive weights, adjustable as to range and

adapted to systematic manufacture like other water fittings. . The
seating area is enough to withstand impingement under mod-
erate heads, and will soon be increased by wear under high heads.
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The number to be used is from one to six, so set as to operate in

unison. They are not essentially different from the valves em-

ployed in England, but have larger sliding surfaces for guidance

and are more free in discharge.

Figs. 17 and 18 show a plain hydraulic ram arranged to

receive valves of the kind shown in Fig. 16, and Fig. 19 is a side

view of the air vessel in Fig. 17.

Fig. 18.

Fig. 19.

There is not much requiring remark in this design, which

merely follows, in the simplest manner, the postulates before laid

-down. The check valves have a very narrow bearing, and the

head of water over them is reduced as much as possible by placing

the axis of the air vessel horizontally and by mounting the valves

on a short nipple, which, below the valves, has a bore much larger

than its area. The discharge pipe is set over the check valve, in
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order to limit its range, but of course can be led out at any point

beyond the valve and below the surface of the water.

By placing a cock in the discharge pipe and shutting off the

supply water the air vessel can be drained by means of the cocks

shown in Fig. 19.

For rams of larger size; that is, for those having supply pipes

from 8 to 12 inches diameter, I propose to employ valves such as

are shown in Fig. 20, in which the effective area is 30 inches.

Fig. 20.

These valves are based on a very simple system. The closing

angle is made as acute as possible, in order to avoid their "hang-

ing" when closed, and the ports are made multiple, so that the

whole area of 30 inches is opened by half an inch of movement,

the range and also the shock of closing and loss of water being

reduced accordingly without impeding the supply flow.

I do not present designs for machines in which these multi-

ported valves are employed, although such designs have been

prepared. They involve nothing of interest beyond what the



44 ASSOCIATION OF ENGINEERING SOCIETIES.

figures already provided include. The main chambers are made
cylindrical in section, and the valves are set on nipples projecting,

from the top.

I desire to call your attention to the wide use of impulsive

apparatus that the physical circumstances of this coast permit.

The western watershed of the Coast range of mountains and of

the foothills furnishes a diffusion of the water drain into thousands

of streams, most of them small, that afford opportunities for raising

water by hydraulic rams, if these can be made reliable in action

and furnished at a moderate cost in proportion to the duty per-

formed. I may also call your attention to the possibilities of

greatly improving these useful implements, judged by parallel

experience in other branches of hydraulic engineering.

When I came to California, eighteen years ago, centrifugal

pumps were but little employed. The limit of their action was

understood to be 40 feet head and 40 per cent, efficiency. Now
we have changed all this. The head limit has been more than

doubled, the guaranteed efficiency has reached 60 to 75 per cent.,

thousands of such pumps are in use all over this State, and our

practice here has become a standard not only throughout this

country, but, to a considerable extent, abroad. Water wheels I

need not mention, because all are familiar with the progress made
and the results that have followed a practice in impulsive water

wheels peculiar to this coast.

In ordinary pumping with piston apparatus there has also

been an enormous improvement, if measured by first cost divided

by duty. This is illustrated by the fact that the speed of pump
pistons, from a velocity of 100 feet per minute, has advanced to

double, and in some cases quadruple, this speed.

I have reason to believe that a like advance, but less in degree,

is possible in hydraulic rams, and this opinion is based on an ex-

amination of most of the machines made during the past fifty years

in this and other countries. I mean such machines as have gone
into use and have proved of practical value.

In conclusion, I will remark that, in so far as the present

paper deals with other than demonstrated facts, it is scarcely the

fault of the writer. The subject of impulsive hydraulic apparatus

has been singularly neglected in this country, and, when there is

a paucity of resources, one has to be content with what is avail-

able.

No one can doubt that on theoretical grounds the energy of

descending water should, by its impulsive effect, give out more
work than if translated through water wheels and pumps, and facts
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do not warrant us in assuming that the impediments of application

are inherent and insuperable. I propose to go on, as circum-

stances permit, and will not fail, in future, to present here any

results attained of a useful or interesting nature.

DISCUSSION.

President Molera.—We are very much indebted to Mr.

Richards for his interesting paper. Hydraulic rams have been

greatly improved, especially for raising small quantities of water;

but, for raising large quantities of water, they are susceptible of

still more improvement. Twenty-five years ago, when I studied

mechanics, the great authority on hydraulic rams was General

Morin. I do not know that I can repeat exactly his theories as to

the hydraulic ram, but, as I remember, the valve of the outflow pipe

was opened by gravity. The ram stands nearly perpendicular, the

valve is opened a little by the counter-weight, and the flow of water

tends to close the valve. As the valve is closing, the area of the

opening is diminished, the velocity is increased, and finally the

valve is instantly closed, causing a shock, which opens the inlet

into the air reservoir. At the moment when the valve closes there

is no flow of water, and the counter-weight opens the valve again

to its original position. In General Morin's time it was supposed

that this shock was a necessary part of the operation of the appara-

tus, and that is the reason why the inventor called it the hydraulic

ram. The effect was similar to the butt of a ram. But experience

has shown that this shock is not only unnecessary, but hurtful to

the efficiency of the machine. We should like to hear from Mr.

Dickie.

Mr. G. W. Dickie.—I have no doubt that the field of useful-

ness of hydraulic rams will widen as the laws governing their

operation become better known. It would be very interesting to

know, taking all things into consideration, how a hydraulic ram
would compare, in ultimate economy, with a regular pumping ma-

chine. I do not think very much progress has been made in pump-
ing machines for the last twenty years. The hydraulic ram seems

to be an independent little affair; going and stopping when it feels

like it. Mr. Richards, however, seems to have got into the con-

fidence of the machine, and it seems to have become very pliable

under his hand.

Mr. Wagoner.—Incidentally, Mr. Richards and I planned,

some years ago, a scheme for lifting water in Utah where the cir-

cumstances were very favorable to the use of rams. Mr. Richards

came to me with the statement that there was no firm in this city

that would guarantee to put in a ram with a fall of 25 feet and lift
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water, I think, 125 feet (5 to 1) and guarantee a higher efficiency

than 50 per cent. We began to look into the matter, and the first

thing that attracted my attention was the absurdity of the formula

for the efficiency of rams. The formula was based upon that de-

veloped by Morin, by which the square of the efficiency is made
equal to the constant, minus the ratio of the heads. On the other

hand, data are given for rams with ratios of, say 8 or 9 to 1, and
almost identical in heads, and where the efficiencies are from 45 to

over 90. I think it is highly probable that efficiencies up to 80

and 90 have been attained. But the difficulty appeared to be not

in the loss of time or loss of water. I cannot see how these would

cut the figure that Mr. Richards imagines. The diagram given

by Montgolfier, which I believe is one of the earliest applications

of the indicator for making a diagram, the time of closing is about

17 per cent, of the period, and it remains closed about 17 per cent.,

and is opened in about 10 or 12; making about 46 per cent, from

the beginning and closing until fully opened again. I called Mr.

Richards's attention, at the time, to the fact that the valve might

be easily duplicated in mechanical motion; and, had it not been that

the Pearsall invention came out, eliminating the shock, I might

have pursued that matter further.

I think, considering the ram as a water engine, we should

consider the natural period of the oscillation of the water; and that

the period of opening and closing is a function of the pipe.

The experiments to which I refer were made under heads of,

say two to ten feet, operating stand lifts, and gave an efficiency all

the way up to 90. The efficiency was diminished with the lift, and

there is probably another reason for that. At the high drive head

the period was 60 per minute, and at the low it was 10 per minute.

The weight of the valve was the same. Therefore a large portion

of the water would escape in simply giving motion to the valve.

In other words, the valve was overweighted.

There is no question that the real secret of improvement of

the ordinary type of ram is to be sought for in the proportion of the

valve to the work required, but I know of no formula for this.

After taking some data on the largest rams that we could

find, we ascertained that they would require six or seven times the

weight in iron than would take in a plant in the shape of water

wheels and pumps I then dropped the subject.

Mr. Molera. Twenty-six years ago I was sent over to

Point Conception Lighthouse, where the first steam whistle was

put in, to recommend some plan for supplying the lighthouse with

water. The Point is very rocky, and far from any large supply of

water, except a small rivulet and a lake about 60 feet below. Under
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all the circumstances, the problem seemed difficult, but I con-
cluded that a hydraulic ram would answer the purpose. I put in

one there, and during five years that I was connected with the De-
partment we never had any trouble with it, and so far as I know
it is there now. In many instances the hydraulic ram is very
useful.

Mr.Wagoner.—I would ask Mr. Richards whether he knows
anything about Mr. Pearsall's pump, and the present application of

it. Some years ago he brought out one to Colorado and was going
to pump out a large stream of water—something like 500 inches

—

to allow the working of placers, but I have heard nothing of it

since.

Mr. Richards.—Mr. Pearsall has recently issued circulars,

placing his machines before the public. In these he makes great

claims for their efficiency. Two were brought to this country.

One was 30 inches, and I do not know where that was used; an-

other one, 24 inches, was, as I now remember, taken to some place

near Bethlehem, Pennsylvania, and this one, I believe, was suc-

cessful. I have never heard anything as to the success or failure

of the other one.

I think the limitations for large rams, as indicated by Mr.

Wagoner, will perhaps prevent their use; that is, the low mean,

flow in the supply pipe and consequent large dimensions of these.

That does not apply in the case of small rams.

I venture again to add to what I have said in the paper in

regard to this act of regurgitation in relation to the valves. The
weight of the valves usually does not exceed one-half of the weight

of the static head under which it operates. I think that in all rams,

when working with a proper rhythm of pulsation, the act of re-

gurgitation opens the valve irrespective of its weight. It is forci-

bly and instantly opened, or, as we may say, closes and opens in-

stantly.

In regard to Mr. Wagoner's remark about the waste of time

in the valve closing. It seems to me that the water forced through

during the time the valve is closing, is all lost. It is certain that

resistence begins as soon as the valve starts to close, and this must

be a loss until it closes or until the check valve is opened. I would

like Mr. Wagoner to consider that proposition a little further, and

see if he is not in error; that is, whether it is not a fact that in taking

an indicator card, for instance, one end of the card, representing

the pressure before the check valve opens, is not an absolute loss.

Mr. Richards.—The Le Michel machine, which, in this

country, has been understood to be an original invention, is not so.

It is only a type of the hydraulic ram, of which several modifica-
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tions are known in France. The French engineers have paid a

great deal of attention to the hydraulic ram. The peculiarity of

this machine is, that the ram is placed at the top instead of at the

bottom of the fall. There is a valve, as in other rams, and there

is an oscillating diaphragm which produces a continuous flow,

which is an excellent feature of the machine. The vibration of the

valve is exceedingly rapid. The discharge must be carried down
below the head, not to exceed 30 feet. The device can be used to

draw water from wells, and in this respect it is a very useful ma-
chine. Some friends of mine undertook its manufacture here,

but there has been nothing done, for the reason that it is very novel

in its character, and its method of operating so little understood,

that people hesitate to use it.

Mr. Wagoner.—Some years ago I investigated the hydraulic

ram for the purpose of raising a large quantity of water in Utah.

The fall was 25 feet and the lift 125 feet. I think the cost was seven

times greater for rams of the usual type than for water wheels and

pumps. I collected data and found the mean velocity of flow in

the drive pipe ranged from 0.50 to 2.5 feet per second with an

average of 1.2 feet. This flow does not actually occupy more than

half of the time of one stroke of the ram. The space passed

through being gt z and the velocity being 2gt, it follows that if t be

half of the period of a stroke, t'=4Xmean velocity at the time of

closing the clack valve,=4X1-2=4.8 feet.

Before considering possible improvements in rams, it is neces-

sary to consider the various losses, to see if they are remediable

and the following analysis of action seems to be correct.

The clack valve closes, and the momentum of the water in the

drive pipe is expended (a) in compressing air in the chamber (b),

in shock (c) in giving motion to that part of the water at rest, and

(d) in expanding the pipe and ram. The water comes to rest.

Reaction, due to pressure of the air in the chamber, and also to con-

traction of the iron, reduces the pressure at the clack valve below

that due to the head. Gravity, in combination with the factors

above mentioned, causes the clack valve to open, and the water

comes to rest. Gravity and a much reduced contraction of the

pipe sets up a flow which continues until it is stopped by the closing

of the valve. It will be seen that losses can occur from pipe fric-

tion, from work in giving motion to the clack valve, from shock

due to setting the water in motion and to opening the check valve

from work lost by water leaking past the check valve, and from

expansion and contraction of the pipe. In one case I examined,

where the total loss was 47.4 per cent., 5 per cent, was pipe friction

and 14 per cent, was work done in moving the clack valve. I
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think it possible that a loss may occur through a want of synchron-

ism between the beats of the clack valve and the natural period of

oscillation of the water in the drive pipe and ram.

Some experiments seem to show a large loss by leakage at the

moment of closing the check valve. Morin's formula for probable

efficiency seems to be based upon experiments made under dif-

ferent heads using the same machine. When the ratio -y? is high,

only a fraction of the water forced through the check valve remains.

This could of course be remedied by increasing the travel of the

water. I think there is no doubt that it would increase the effi-

ciency to use a larger drive pipe, with a proper contraction at the

ram, and to use another contraction below the check valve as

valves, using here a small valve which would prevent back flow to

such an extent as usually happens, the snifting valve to deliver

under this small check valve.

A ram will not do a maximum of work when working at its

highest efficiency. If water for the supply is in excess, the valve

can be weighted and the delivery will be in some cases doubled.*

Considered as an engine for moving large quantities of water,

the best results will be had by mechanically driven valves, the water

cushioning upon air. This leads to the Pearsall type.

Concerning the loss by waste of water after the clack valve be-

gins to close, a diagram made by Montgolfier shows that the water

flows 0.564 parts of a cycle. Then the valve begins to close, and

is 0.174 in closing, of which time 80 per cent, shows accelerated

motion; so that, of the total time (0.738 parts), 0.703 parts are

used in giving velocity to the water. These times would corres-

pond to 0.5446 and 0.4942 parts of space; but, as there is no ac-

celeration after the time 0.703, and as there is also reduced area

for the flow at the period of closing, it is doubtful whether such loss

can exceed 2 or 4 per cent. Indeed, this loss must be common to

any valve motion for closing the flow. Therefore, I think the losses

occur after the closing of the clack valve. Most probably they

are due to a badly proportioned passage way leading to the check

valve, and to slip through the check valve.

Mr. Richards.—An economic flow could not well exceed 4

feet per second for water wheels or uptake pipes, and, as the wheels

and pumps would cost a great deal more than rams, I think Mr.

Wagoner must be mistaken in placing the cost of rams, in the case

mentioned by him, at seven times the cost of pumps. Besides, my

*See Engineering News, Feb. 1, 1890. With efficiency = 65 per cent,

the yield was only 74.8 gallons per hour, while with efficiency of 52.63 per

cent, the yield was 132 gallons per hour.

4
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recollection of the comparison is at variance with the statement,

namely: six pipes of 30-inch diameter compared to one of 60-inch

diameter. I think that in a fairly computed case there is not much
difference between the two if all economic conditions are taken

into account.
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THE GEOLOGY OF HELENA, MONTANA, AND VICINITY.

By L. S. Griswold, Member of the Montana Society of Engineers.

[Read before the Society, June 26, 1897.*]

GEOGRAPHY AND TOPOGRAPHY.

Helena is about 4000 feet above sea level, the altitude of the

country varying from about 3700 feet at the Missouri River across

the valley to over 9000 feet in some of the peaks visible to the

south and southeast. The range back of Unionville rises to about

6400 feet, which is about 1000 feet higher than Mt. Helena. The

valley basin, spreading out below the city, has a length, from

northwest to southeast, of about 20 miles, and a width of about 12

miles. To explain what these mountains and valleys mean by

presenting a somewhat detailed account of the geology of the city,

and showing the geological relation of this small area to the region

roundabout, is the object of this paper. The conclusions could be

stated very briefly, but I hope and assume that there are some who
will be glad to learn something of the method of reaching the

conclusions, and trust that those who are familiar with the ele-

ments of geology will have patience with my introduction.

varieties of rocks.

Three groups of rocks are shown—sedimentary igneous,

metamorphic, stated in the order of importance in this area. Our
theory of origin of this earth as a cooling globe leads us to men-

tion the igneous rocks first, however, for the first crust of the

earth was of such rocks, and from them are derived the materials

of the sedimentary rocks, chiefly through the mechanical and

chemical agencies of air, water, frost, plants and animals. These

forces, acting upon any rock masses, disintegrate their surfaces,

converting them into soil, sand, gravel, or clay, making hetero-

geneous deposits called surficial, which -cover up the rocks from

which they are derived unless the loose disintegrated material is

removed by some mechanical agency so that the original rock is

left bare. Placer gravels would be classed as surficial deposits.

The materials of disintegration may be carried away as solid

particles giving gravel, sand, or mud when deposited in some
water body; or they may be carried away in solution and precipi-

tated by direct chemical action, as in some limestones, salt, iron

ore, etc., or through the medium of living animals and plants, as in

some limestones, coal, etc. But, whatever the method of coming

^Manuscript received January 17, 1898.—Secretary, Ass'n of Eng. Socs.
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to rest, the fact of deposition in water usually results in a layered
structure, giving strata, and the whole group of rocks is called
sedimentary.

Molten rock has been breaking through the earth's crust
repeatedly since the crust was formed, some reaching the earth's

surface and pouring out over it in varieties of extrusive lavas, and
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some filling crevices or taking various forms within the crust

itself, giving different varieties of intrusive rock. Just about

Helena we have only intrusives, though extrusives may be found

near Montana City and Blossburg. Certain kinds of intrusive

have a place of cooling deep below the surface and occur in large

masses; these are called plutonic rocks. Other kinds fill crevices,

or occur in sheets cutting older rocks at any angle, or in bodies

smaller than those characteristic of the plutonic rocks, and are

called dike rocks. The varieties of igneous rocks found about

here are given in tabular form, and will be mentioned in detail

later.

Rocks either of sedimentary or volcanic origin may become

altered by dynamic or chemical action, or both, so that they lose

their original texture and become metamorphic rocks. The older

rocks of the earth's crust, from their very length of life, are more

likely to be metamorphosed than are the younger ones. Thus,

about here the limestones have become crystalline and the sand-

stones have become quartzites. Volcanic rocks, while hot, may
induce change in other adjacent rocks. Near here we have shales

and limestones which have undergone such change.

VARIETIES OF ROCKS ABOUT HELENA.

!a/t t, • 1 I
Quartzite.

Mechanical. 1

{ Shale.

Chemical. Limestone.

f Plutonic. Granite.

T f Granite porphyry.
Igneous. \ I

1

j
Quartz porphyry.

[ Dike. J
, Diabase.

I Augite porphyrite.

L Hornblende porphyrite.

Metamorphic. I

Shale.

Limestone.

GEOLOGICAL HORIZONS.

Rocks having a similarity in composition, texture, etc., or

containing similar fossil forms, are grouped into horizons, each

horizon representing a geological age with a definite name. Each

age represents a vast duration of time ; and its prevailing conditions

are manifested by the character of the rocks and by the kinds of

living things found in the form of fossils. Thus certain forms of

shell, of fish, or of plant may serve to correlate rocks widely sepa-

rated, assigning them to the same geological horizon. In this

way the sedimentary rocks about Helena have been grouped into

geological ages.
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TABLE OF GEOLOGICAL FORMATIONS.

Recent. Surficial deposits.

Tertiary.

Cretaceous.

Juratrias.

„ , '

f Quadrant quartzite.
Carboniferous. •< .,_ .. ,.

I Madison limestone.

Devonian. Threeforks limestone.

Silurian. Jefferson limestone.

j Upper or Gallatin.

1 Middle or Flathead.
Cambrian.

Algonkian.

Archaean.

The table shows in the left-hand column a list of the greater

geological horizons, and to the right are certain special names

which have been used by the United States Geological Survey to

distinguish characteristic horizons in the country farther south.

With the exception of the Archaean, there are found around

Helena rocks belonging to all the great divisions, although the

Tertiary is as far away as Blossburg, and the Cretaceous and

Juratrias near Elliston; the others are found in the immediate

vicinity of the city. The geological section from Algonkian to the

top of the Carboniferous appears to be conformable; that is, the

beds were laid successively one on another so that the bedding

planes are parallel and no disturbance or interruption between the

ages caused one set of strata to be deposited at an angle with those

below. The surficial deposits are unconformable.

We learn that in other parts of the State the deposition of

strata continued conformably to the top of the Cretaceous and we
may presume that the conditions here were the same. Then fol-

lowed a time of active mountain building which may be going on

even now.

ELEMENTS OF STRUCTURE.

In mountain building the earth's crust is uplifted, in this case

above the sea floor, bent and broken and exposed to wearing away

by all the subaerial forces. Arches in the strata of the crust are

termed anticlines, hollows synclines; when rocks are broken along

a plane and movement takes place so that the faces no longer

match one another they are said to be faulted. Into sedimentary

strata or other volcanic rocks molten rock may push or melt its

way, forcing apart the older rocks or dissolving them in the molten

mass. Conseqently the continuity of any rock mass may be in-

terrupted by a newer volcanic rock.
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EROSION AND ITS EFFECTS.

As soon as a land mass arises above the sea various agencies,

acting under the law of gravitation, tend to reduce it below sea

level again. Running water is perhaps the most important of the

foices of denudation and acts more vigorously the steeper the

slope. So mountain masses are strongly attacked by the water

falling upon them; the water finds hollows to gather in, cuts these

hollows into channels, deepens these in turn to ravines and gulches,

and the gulches widen and flatten into valleys. Anticlines in par-

ticular are exposed to erosion and after a time we may find only

the rim of a great dome left to tell the story of its former great-

ness.

It is with the eroded mountain structures that the geologist

has to deal, reconstructing mountain masses from the ruined walls

visible in all exposed ledges, each outcrop telling its story of a

pillar, or a buttress, or course in some past mountain structure.

Some rocks, more resisting than their neighbors, stand above the

general level of the landscape and can be followed easily; others

are easily disintegrated and seldom show through the covering

of their own waste. The former class may be called ridge-makers,

and serve the geologist well in outlining his structures, and in

giving suggestions to be verified by studies of the other rocks.

Such a ridge-maker has been used very effectively in working out

the geology of this vicinity.

SEDIMENTARY SERIES ABOUT HELENA.

The west-side reservoir is situated in a depression between two

hills which, taken together in their extent, stretch about northwest

and southeast. To the southeast the ridge extends with uneven

declining crest to the south end of South Benton avenue, and the

formation crosses the gulch just north of City Hall. It rises again

in the bell-tower ridge which underlies the Catholic buildings.

About Davis street an intrusion of granite interrupts the ridge,

but east of Davis street it stands up again strongly and can be

followed easily by the eye in its general course south of east even

to the neighborhood of Montana City. To the northwest of the

west-side reservoir this formation sweeps northwest, west, and

south around Mt. Helena, sometimes apparent as a ridge but more

often appearing as a steeper and rougher part of the mountain

slope, an escarpment situated about a third of the way up the

slope. This resisting formation is a metamorphosed sandstone

or quartzite having an average thickness of about 300 feet. From
its character and position in the geological section it is regarded
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as identical with the Middle Cambrian or Flathead quartzite, well

known in the southern part of the State. This is an important

formation, because it marks the dividing: line between the Paleo-
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zoic and Azoic rocks, no lower Cambrian strata being as yet

known in this region. All the sedimentary rocks on the north

side of the Cambrian quartzite are classed as Algonkian. On the

south side are found the vounsrer Paleozoic formations.
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Another very useful formation in determining structure oc-

curs at the top of the Gallatin division of the Cambrian. This is

a dark gray to black shale which is just the opposite of the ridge-

making quartzite in being a favorite formation for valley lines.

It is useful because it contains an abundance of little shell imprints

by which it can be identified; and while it seldom affords ledges

for examination as the quartzite does, yet the little fragments of

shale found on the surface tell their story just as effectively as bold

cliffs. The shale and quartzite together are very useful in outlin-

ing the geological structure because each is strongly characteristic

and each easily found, the shale occurring between two massive

limestones as a hollow or low slope, and the quartzite as the outer

line of foothills.

Between these two are found first overlying the quartzite beds

of micaceous shale soon succeeded by calcareous shale becoming

more strongly limestones as we rise in the section. A massive

bluish gray limestone comes next 'and continues to the Gallatin

shale. This massive limestone is the one forming the cliff just be-

low the east-side reservoir and the great bluffs of Mt. Helena, and

is placed in the Gallatin division of the Cambrian. The calcareous

shales are placed in the Flathead division and have a topographic

expression in a low slope between the quartzite and massive lime-

stone escarpments or in an actual depression back of the quartzite.

The calcareous slates have a thickness of perhaps 450 feet, the

massive limestone of 400 feet, and the -Gallatin shale 150 feet, giv-

ing with the quartzite a total thickness for the Cambrian of 1300

feet.

On top of the Gallatin shale come the Silurian strata, for the

most part massive limestones, gray or bluish, but containing dark

blue limestones and black, red and gray shales. The limestones

of this horizon form the crest of Mt. Helena.*

Fossils have not yet been found in this series, so it cannot be

subdivided or separated from the Devonian horizon, which has

been identified in Southern Montana. The Carboniferous lime-

stones which form the peak of Mt. Ascension abound in fragments

of crinoid stems, so here can be drawn another line of division.

*Through the kindness of Mr. D. P. Patenaude in presenting the photo-

graph we may note the topography of the different formations composing

Mt. Helena. Silurian strata form the peak and backbone of the moun-
tain. The Gallatin shale is well marked by a line of depression, below

which the massive Gallatin limestone gives cliffs and steep slopes. The
Flathead quartzite finds expression in a steeper portion of the lower slope

of the mountain, though on the left side of the view it forms an outlying

ridge.



58 ASSOCIATION OF ENGINEERING SOCIETIES.

The Carboniferous strata, however, do not come within the city

limits, and it is only possible that the Devonian rocks should be

represented on the map in the vicinity of Dry Gulch. The Silurian

and Devonian have a total thickness of perhaps 900 feet.

The massive beds of crinoidal limestone coming at the base

of the Carboniferous contain small corals, and a few shells have

been found. The whole limestone is crystalline so that the organic

forms are often obscure. The dark bluish gray crinoidal limestone

is succeeded by a homogeneous light gray limestone becoming

white and coarsely crystalline at the top, the whole being known
as Madison limestone, a characteristic mountain-maker in the

southern part of the State, weathering into picturesque crags. It

has a thickness of 1600 feet or more.

A decided change in the character of deposition ended the

limestone formation and ushered in another sandstone which like

the one in the Cambrian has been altered to a quartzite. In this

vicinity only patches of this quartzite are found between the lime-

stone and the great mass of igneous rock which cuts off the sedi-

mentaries on the south. The greatest thickness noted is about

500 feet. As this quartzite is regarded as Carboniferous in age,

it makes the thickness of the Carboniferous series 2100 feet or

more. The total thickness of the Paleozoic rocks is seen to be

over 4300 feet.

The Algonkian rocks consist of slates of irregular texture,

varying from clay slate to micaceous, sandy, or calcareous varie-

ties which become even quartzites or limestones. The bedding

planes are very commonly uneven and the rocks seem to be filled

with knots. Some of the limestone is oolitic. Closely under-

lying the Cambrian quartzite the slate is often strongly red in color,

well shown on South Benton avenue. Near Lenox the red slate is

very thin and greenish gray prevails. Northwest toward Marys-

ville and east across the valley the red slates have great thickness.

The lowest of the Algonkian rocks yet seen are greenish gray

slates, often calcareous and knotted, occurring in massive beds.

These are the slates of the Marysville and York mining districts.

The Algonkian slates seem to conform to the overlying strata in

the dip of their beds, but there are many small folds developed

in this series, and as no subdivisions have been established and

followed out it is difficult to determine the thickness of the series;

5000 feet does not seem too large a total.
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VOLCANIC ROCKS ABOUT HELENA.

Granite.—I have already mentioned the fact that our sedi-

mentary rocks are bounded on the south by a great mass of

igneous rock. We also have igneous rocks in abundance within

the city. A granitic mass underlies a considerable area on the east

side, beginning in Dry Gulch south of First street. The gulch is

cut in the granite though the rock does not rise high on either

slope. The granite follows the course of the stream to the north-

east, widening from about 100 yards at First street to nearly half

a mile in the vicinity of Missoula avenue. It becomes difficult to

determine what is the bed rock as we get farther clown the moun-
tain foot where the surficial deposits are so deep, but it would
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seem probable that the small outcrops seen near the railroad tracks

indicated an extension of the granite area to embrace them.

.

A small granite dome appears in the southeast part of the

school grounds on Warren street, extending between Eighth and

Ninth avenues. Another area, 200 yards or more in diameter,

appears at the head of Chaucer street, extending across Beattie

street and reaching north and south between First and Kentucky

streets. These two areas, doubtless, are closely connected below

the present surface with the larger area shown along Dry Gulch,

and the covering of sedimentary rocks between these areas is prob-

ably a thin one. About half a mile south of Lenox granite dikes

are shown in several prospects, indicating another place where the

underlying granite approaches the surface.

Near Rodney and Division streets, near Sparta street and just

south of the reservoir, granite appears in a somewhat altered con-

dition, representing contact phases; especially is the granite origin

of the rock obscure at the reservoir where the rock intrudes

through the Gallatin shale and takes a very dark color and fine

grain.

. A small granite mass prettily defined is found in Grizzly

Gulch, half a mile above the junction with Oro Fino. The area is

nearly circular, cut in two by the stream, and a little quarrying has

shown a pretty building stone. This dome also appears in the

Gallatin shale, and contact phases of the granite are found in the

shale belt to the east, and in the limestone on the north. A larger

granite area is found surrounding- the warm springs above the

•Broadwater Hotel, somewhat irregular in outline with diameters

of about a mile. Driving along the Ten Mile Valley, one cannot

help noting this basin surrounded by hills of slate, whose smooth

outlines are occasionally broken by jagged outcrops, contrasting

strongly with the abundance of granite ledges characteristically

rounded in outline and surmounted by rounded boulders. In

the southern part of the area several granite monuments left by

the erosion of the surrounding granite are worth a little walk to

see.

On the north side of the ridge which confines this basin on

the north, granite appears again, doubtless belonging to the mass

on Ten Mile Creek.

On the east side of Last Chance Gulch and half a mile north

of the railroad tracks on the electric line to the University a low

hill extends north and south, abounding in granite boulders show-

ing for the most part contact phases of the rock. It seems prob-

able that granite reaches the surface again at this locality.
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The abundance of granite areas around the city would lead

us to believe that granite underlies the whole district at no very-

profound depth.

Granite Porphyry.—A rock closely associated with granite,

and indeed regarded as coming from the same deep-seated mass

of molten rock or magma, but having in general the characteris-

tics of dike form, is found comprising Capitol Hill and in a smaller

area with east and west extent about a quarter of a mile north of

the Northern Pacific station; also a short distance east of the

Xatatorium between the railroad tracks and the Boulevard, and

south of the Natatorium comprising much of the hill. This rock

has the same chemical composition as granite, but a porphyritic

structure, caused probably by the difference in conditions of cool-

ing, so it is called granite porphyry.

Quarts Porphyry.-—Still another phase of the granite magma
is found about a mile southeast of Lenox, a variety in which the

minerals are fresher than in the others so believed to be younger,

a variety which commonly occurs as an extrusive rock or lava,

but in this case pretty surely intrusive. It is called quartz

porphyry.

Basic Dikes.—Volcanic rocks containing less silica and with

feldspars of lime-soda composition, instead of potash, are called

basic in contrast to the acidic group of which granite is a leading

example. We have several dike rocks, of the more basic sort.

It is not very easy to determine these rocks, because their crystal-

lization is fine and their mineral components cannot be distin-

guished without the aid of thin sections of the rock examined un-

der the microscope, a work for which there are no facilities here.

The dike rocks have a strong tendency toward interbedding

though sufficient evidence of cutting across the planes of strati-

fication is found to decide their nature. Most widespread is a dark

green rock, commonly with many small holes of rusty appearance,

which shows an outcropping thickness of from 5 to 30 feet,

sometimes divided into two parts. The holes result from the

decomposition of augite or olivine and the rock seems to be a

diabase. It is seen best developed along the south side of the

Reeder's Alley Gulch, in the micaceous beds just above the Flat-

head quartzites. A small thickness of the same rock was noted on

the west side of Mt. Helena. The same rock was found again in

about the same geological position, a quarter of a mile south of

Lenox. This diabase is also seen cutting across the Flathead

quartzite on South Benton avenue, and in the slates of Lynndale

avenue, at the southeast end of the granite porphyrv of Capitol

Hill.
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Another dike rock follows a belt of black shales in the Silurian

closely, and has been noted from half a mile east of Dry Gulch, fol-

lowing the rock structure west of the gulch and changing in direc-

tion with it from northwest to west, southwest and south on the

east side of Oro Fino Gulch, extending beyond the city limits.

The rock is tough and dense in texture, dark green in color, but

mottled with many white spots on weathered surfaces. The white

spots look like plagioclase (lime soda) feldspars. What look like

augite crystals are also seen, and the rock perhaps belongs to the

gabbro group; it may be called an augite porphyrite provisionally.

This dike is sometimes 40 feet wide.

The third variety of dike is found interbedded with Algonkian

limestones east of the Natatorium quarter of a mile, and crossing

the ditch on the south side of the Boulevard. It extends for 200

or 300 yards continuously on the hill slope, having a thickness of

about 6 feet, then disappears for a distance, to come to the surface

again on the east side of the gulch which debouches at the Nata-

torium. This is another dark green rock of fine grain, but dis-

tinguished by the numerous clusters of hornblende crystals which

have the habit of radiating from a center. I call this rock pro-

visionally a hornblende porphyrite.

An undetermined dike rock of dark color and fine grain was

found northwest of the Natatorium on top of the ridge.

An igneous rock of less basic character follows the micaceous

beds above the Flathead quartzites. It is found first on the north-

east side of Mt. Helena close to the quartzite, and continues for

several miles to the west in the same position. On the west side

of Mt. Helena another bed of the same rock appears 30 or 40 feet

higher in the series, and apparently holds that position to the west.

These rocks are too much decomposed for satisfactory determina-

tion, a porphyritic structure is clear, however, and diorite porphy-

rite is strongly suggested as a specific name.

INFLUENCE OF VOLCANIC ROCKS ON SEDIMENTARIES.

Molten rock intruded among sedimentaries or older volcanics

causes changes to take place in the sedimentaries by heating them,

or by sending among them hot vapors and liquids bearing minerals

in solution. The alterations in the older rocks are commonly
confined to a limited distance from the boundary of the molten

rock giving what is called contact metamorphism; the influences

may be felt, however, for a long distance by means of cracks or

crevices in the older rocks, and minerals may be segregated along

such lines giving rise to fissure veins. Contact metamorphism
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may consist of a rearrangement of the mineral components of the

original rock alone or with the addition of mineral matter from

the new rock. Different kinds of rock vary much in their suscepti-

bility to metamorphism; sandstones or quartzites are little altered,

shales are commonly changed very noticeably in character, the

most common change being from a weak friable texture to a hard

flinty one. Such a change has taken place in the Gallatin shale

in contact with the granite up Grizzly Gulch, near the east side

reservoir, and east of Dry Gulch, where the shale belt is meta-

morphosed for half a mile, the Hawkeye Mine being in this belt.

The way in which the granite has selected this shale belt as a

suitable line of intrusion is very striking, the adjacent limestones

being unaffected except up Grizzly Gulch. It would seem as

though the granite made its way upward by melting the dark

shale and taking the shaly material into itself, for we find stages of

the granite which are almost black, then rock which cannot be

called either igneous or sedimentary, then black flinty rock with

white spots which one would term a metamorphic shale, and finally

recognizable shale indurated yet still preserving the fossil forms.

The Gabbro dike in the Silurian strata has also been intruded

along a line of shale. The Algonkian slates on the north side of

the granite basin of Ten Mile Creek (in the area lettered a, a on the

map) have been altered to hornstone and porphyry of many colors

and textures, in some specimens the planes of sedimentation can

be seen; other samples would be regarded as volcanic rocks.

Curiously no ledges of these rocks appear, though the surface is

strewn with boulders.

Limestone has been strongly metamorphosed in only one

locality, half a mile up Grizzly Gulch, on the north side of the gran-

ite dome. Vesuvianite has been developed here, a mineral which

is a silicate of lime and aluminum with iron, magnesium and

sodium, thus appearing to be a rearrangement of the mineral con-

stituents of the limestone. The peculiar mottled appearance

which this mineral, with its pale yellow, green, or red crystals

gives to the limestone, has attracted the prospector to this locality,

and numerous holes attest his diligent search for more valuable

minerals. In these pits it is seen that the granite is but a short

distance below the surface, and that the alteration in the limestone

extends only a few feet from the plane of contact.

STRUCTURE.

The earth's crust in this vicinity has been profoundly dis-

turbed by the forces of mountain building. The mass of sedimen-
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tary rocks that had been quietly accumulating from early in Al-

gonkian time to the end of the Cretaceous, aggregating in thick-

ness perhaps three miles, then became influenced by the stress

ever existing in the earth's crust and wrinkled in broad folds. The
erosion of the crests of the folds as they were exposed to denuda-

tion weakened the crust locally and decreased its load so that a

continuance of mountain building was favored. In the basins of

this time some sediments were accumulated Tertiary in age. A
remnant of these basins is found at Blossburg, where there is an

area about a mile in diameter consisting of slightly consolidated

strata of gravel, sand and clay with thin beds of coal. The erosion

since Cretaceous time has been immense, and our present moun-
tain ranges are only the ruined fragments of former great moun-
tain structures. Starting with our local geological structure let

us reconstruct the greater mountains of former times.

Our city map shows us a great series of rocks in general

tilting southward, a southward dipping monocline as the geologist

terms it. This condition of the strata implies either that they

have been upturned along a great line of fracture, or that to the

north of us a great arch of strata has been worn away and that

somewhere to the north the other side of the arch will come down
to give us another monocline. A wider examination of the

country favors the second idea. If the ground were level and our

monocline were simple in structure, the belts of rock composing it

would be represented by straight bands across the map; but the

combination of mountain and gulch with strata inclined at a gen-

eral angle of about 30 causes the bands to pass in slightly waving

lines across the map; and add to this the fact that our monocline is

both bent and broken and we have a general explanation of the

irregular distribution of the symbols representing the sedimentary

rocks.

The great feature that we notice is the double loop of strata

about Mt. Helena, the strata bending to the north around the

peak, and to the south along a line of depression on the west side

of the peak. The north bend outlines a depression or syncline in

the structure, the south bend an arch or anticline. Simple depres-

sions or domes would be completely surrounded by a given forma-

tion, but the major axes of this syncline and anticline are tilted so

that the various formations do not close around them. We should

note that the syncline makes the mountain peak and the anti-

cline a line of depression. This is in accord with the belief of

geologists that the syncline is a district of compression and conse-

quently of greater resistance to erosion, while the anticlined arch
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is a place of stretching and breaking, so more easily worn away,

becoming valleys in our topography. The anticlinal arch is of

much less size than the syncline, so its valley is comparatively un-

important.

From the district of disturbance at Mt. Helena the mono-
cline extends to southwest and southeast in pretty constant direc-

tion. On the east, however, there are numerous breaks across the

formations which disjoint the strata to a greater or less extent.

Since the resisting formations are more or less crushed along these

fault lines, the lines may afford easy erosion and become gulches

or valleys. The west side reservoir occupies a depression of this

sort, the formations on either side do not match at all and we find

that the quartzite horizon has been so completely dislocated that

the top of the formation on one side of the break does not even

touch the bottom of the formation on the other side. Platting the

rocks on the map as we find them on the ground, we see that

measuring the distance between corresponding parts of the forma-

tion they have a horizontal offset of 500 feet. To get this offset

in beds dipping somewhat less than 30, with an allowance for the

hill slope, requires a vertical movement of about 290 feet. As
fault lines usually approximate the vertical, a vertical measure is

taken to estimate the throw of a fault. A break of such amount as

290 feet should be traceable for some distance, and it is distin-

guished with comparative ease to the south where it crosses the

Gallatin shales, but in the massive limestones it is not so easily

followed; the line passes across the junction of Grizzly and Oro
Fino Gulches and up Oro Fino Gulch. To the north of the

reservoir the Algonkian strata afford too few outcrops to admit

of tracing this fault; possibly the small lines of slipping seen in

the cut on Lynndale avenue, near the Montana Central Railroad,

belong to this larger line of dislocation.

A quarter of a mile northwest of the reservoir two small breaks

near together are noted in the quartzite giving offsets of about 60

and 40 feet. Offsets of such size are not strongly noticeable even

in the quartzite and they have not been traced at all in the other

formations. They represent vertical movements of about 20 and

30 feet. Xote that these two small faults have the upthrown side

on the west, whereas the larger fault at the reservoir has the up-

throw on the east side.

Other faults are found in the east part of our area. Where a

south extension of Montana avenue crosses the quartzite is a dis-

location with throw of about 30 feet, and 100 yards to the east b

one of about 15 feet. Two stronger faults about 100 yards apart

5
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cut the quartzite within a quarter of a mile, and these dislocations

apparently continue about parallel across the Gallatin shales. The
vertical movements are about no and 230 feet, the upthrows being

on the west side in each case. These two fault lines strike about

northeast and southwest, the ones previously mentioned being

more nearly north and south.

A little more than half a mile farther south of east we cross

another fault line much stronger than any previous one, extending

northeast and southwest also. The offset on the surface is about

850 feet, and the strata are dipping over 40 , so the vertical move-

ment necessary is about 765 feet. Still another fault is encoun-

tered half a mile southeast from the last. The dislocation in this

case is seen to be about the same as for the last fault, the Upper
Cambrian limestone overlapping the Lower Cambrian quartzite.

The last fault strikes but little east of north, so it would meet the

northeast to southwest fault in less than a mile to the northward.

The throws of the faults are opposite, so it becomes evident that

between these faults a wedge-shaped block has sunk for about 765

feet. The relative depression of the block of strata is not now
visible in the topography for erosion since the time of faulting has

given the country the same general elevation. A strong gulch

marks the line of the northeast-southwest fault toward Unionville.

The eastern fault seems to break into smaller faults, and is strongly

marked in the landscape. Some cross-cuts on this latter fault

give us a notion of its internal construction. The greatest part of

the movement is confined between two walls nearly vertical, which

vary from 5 to over 40 feet apart. The walls are ground smooth

and show scratches or striae made by the movement of one rock

mass on another, slickensided as it is called technically. Between

the walls is a heterogeneous mass of material ground from the

walls and identifiable with them, as for example, quartz porphyry,

or made over by the introduction of other mineral matter, a pro-

cess favored by the Assuring, vein quartz being a common product.

Much material in this large fault is ground to clay comparable to

the talc of an ordinary vein. In fact, fault lines are fissure veins,

but, as we know, fissure veins are only mineralized occasionally.

We may follow the general structure further by referring to the

small scale map copied from the United States Geological Survey

where a dotted line traces the course of the Flathead quartzite and

outlines the structure of the sedimentary rocks. This formation

strikes south of west from Mt. Helena nearly to Nelson Gulch,

then turns almost north for about six miles when its general

-course changes to northwest, though the structure is complicated
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by some sharp curves. East of Greenhorn Mountain it bencls to

the south around the peak, but recovers its northwest course pass-

ing near the Bald Butte stamp mill. A few miles beyond the mill

it trends north crossing Lost Horse Gulch about three miles below

Empire. The northward course is continued across Little Prickly

Pear Creek when it bends towards the northeast, probably cross-

ing Little Prickly Pear Canon near Mitchels. At the Gate of the

Mountains the Cambrian comes down at a steep angle and the

Canon of the Missouri is cut through the Paleozoic limestones.

On Trout Creek, below York, the quartzite is well exposed in two

small synclines. On the Canon Ferry road, west of the river, the

quartzites and accompanying formations are crossed, showing a

dip to the east. The formation trends east of south in the Spokane

Hills and may be seen in the hillsides east from Clasoil station.

A mile or more southeast of East Helena the quartzite strikes

northward, but must turn eastward toward Spokane Gap in the

low sand hills east of East Helena. It crosses Prickly Pear Creek

about two miles south of East Helena, and then turns north of

west to our starting point. This incomplete sketch of the Flat-

head quartzite supports the idea that the Prickly Pear Valley was

formerly arched over by the Paleozoic and other strata belonging

to the geological section. The weak geological dome has been

reduced by the wear of time to a topographical depression. A
profile section from near Helena to the vicinity of York may illus-

trate the structure more clearly. You will note how insignificant

in the black profile line appear the mountain slopes which seem to

us so steep, though as it happened the line selected did not cross

the steepest slopes. At the Helena end of the section the stratified

rocks are seen to be cut off by granite at no very great distance

below the surface. At the York end some are cut off, but the

greater thickness arches upward again to come down elsewhere.

Of course all that is indicated above the profile line, and indeed

what is indicated below is inferred from observations made along

the profile line itself, yet there is satisfaction in feeling confident

that whatever error there is in these hypothetical projections is on

the side of simplicity. As a matter of fact the ancient Prickly Pear

dome was doubtless much more complicated than is represented,

but observation and inference justifies only as much as I have rep-

resented.

A brief summary of the geological history of the region is:

Uninterrupted period of accumulation of strata from Algonkian

to the end of Cretaceous time. Then elevation of the region above

sea level and great erosion which pretty well defined our present
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mountain ranges. In the valleys formed by this erosion Tertiary

sediments were deposited, and these deposits as well as a little

more of the consolidated strata of the mountains have since been

washed away. No traces of glaciation have been observed in this

neighborhood, and only around the higher peaks, like Mt. Powell,

west of Deer Lodge, was important work done by ice in the

Glacial epoch.

ECONOMIC GEOLOGY.

Very probably some are asking of what practical value is all

this, meaning what bearing has it upon the great matter of dollars

and cents. In this district geology becomes of importance in re-

lation to mining, in other districts the science is of value in connec-

tion with soils, water supply, oil, natural gas, etc. Within the

limits of our large scale map we have no large mines, but we have

illustrations of different varieties. The greater fissures or fault

lines have attracted mining at several points. On the large fault

at the eastern side of the map some gold quartz has been found.

On the other side of the wedge about half a mile south of Lenox
the vicinity of the Herbert placer, Try Lode and Small Hopes,

I understand that good ore has been mined and shipped. Some
good ore has been taken from a small mine, the Vernon, on the

230 foot fault at a place about half a mile south of Broadway on a

projected extension of Montana avenue. Prospect holes and

drifts have tested other fault lines.

The Hawkeye Mine, near the south end of Chaucer street,

seems to be the pre-eminent example of a mine produced by con-

tact of volcanic rock with sedimentaries. Ore has been reported

also in Mr. Purcell's limestone quarry on Chaucer street, and such

ore would represent a contact product with the adjacent granite.

In the '96 Mine and the Cosmopolitan we seem to have the

possibilities of ores segregated from the adjacent strata, for the

ores occur in horizontal pipes which lie nearly along the plane of

stratification of the mountain mass; however, some Assuring is ap-

parent in these mines and the distance to volcanic rocks is not

great, so it is not possible to say just what influences operated to

deposit the ores in these mines.

These examples from this little district are sufficient to sug-

gest, I think, that geology is of value in understanding mineral

deposits which depend upon stratification, upon contacts with

volcanic rocks, and upon fault lines, so that such labor as the geo-

logical map of Helena represents, of the same kind as is done bv

the United States Geological Survey and the Geological Surveys

of many States, is justified from the practical point of view.
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RECENT DESIGNS IN STEAMSHIP CONSTRUCTION
UPON THE GREAT LAKES.

By Richard L. Newman, Member of the Civil Engineers' Club
of Cleveland.

[Read before the Club, December 28, 1897.*]

Some two years ago, when approaching the city of Cleveland

by the Lake Shore Railway, and seeing before me, for the first

time, the broad expanse of Lake Erie, I began to realize the mag-

nificent extent of these great inland seas; and, as I was soon

brought into direct contact with many of the splendid steamships

traversing these waters, I began to appreciate the stupendous

proportions of the lake traffic. My admiration for the small body

of men who have made this traffic possible was simply unbounded,

and I would therefore ask you to regard my remarks this evening,

as made, not in the spirit of criticism, but rather as suggestions

from a fellow-worker whose only desire is to see the art of ship-

building, on these great lakes, progress as it ought and hold its

own in such a manner that the ships built here may compare

favorably with those built on the coast. No one realizes better

than myself the difficulties with which the naval architect has here

to contend, the most important being a natural one,—namely,

the limited draught of water,—and another, a structural one and

necessitated by the demand for the prompt handling of cargo,

—

namely, the number and size of cargo hatches.

A study of the stresses to which a ship may be subjected is

most appropriate just now, as we shall, in a very few months,

witness the advent of several fresh-water leviathans of a length

such that if one had even suggested it but a few years ago the

proposer would have been considered a fit subject for a lunatic

asylum. The demands are at present for boats of the largest

practical dimensions, limited only by the tortuous channels of the

connecting straits and the facilities obtainable at the ports 01

entry. We are nearing the day when we shall see steamships

nearly 500 feet long, bringing down, every trip, over 7000 gross

tons of ore, and towing a consort having a similar carrying ca-

pacity, but of not quite the same lineal dimensions. The naval

architect has therefore to rise to the occasion and satisfy these

demands in such a manner that the undertaking will bring credit

to himself and to the owner. While providing ample strength,

he must also have in view the necessity of not overburdening the

* Manuscript received January 18, 1898.—Secretary, Ass'n of Eng. Socs.
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boat with material. I remember well a remark made to me by

a very celebrated engineer, Mr. A. E. Seaton, the author of the

well-known text-book on "Marine Engineering," some ten years

ago, when I had the nominal charge of his drawing office. He
remarked to me (over some work I was doing), "Any man can

build an engine if he is allowed to put in as much material as he

likes ; but the engineer of to-day is the trained man who can build

the best engine on the least quantity of material." I know of no

expression more appropriate than this to be applied to the ships
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of to-day. There are many builders who are certainly building

light ships, but are they such as redound to their credit and bring

honorable mention to their firms? I regret to state that I believe

that there are many boats now floating on the great lakes, built

to satisfy the demands of the owner for great carrying capacity,

in which the material is distributed in a far from efficient manner;

and it will be only a matter of time when, owing to the intense

working of the spar decks of these boats, the fatigue limit of the

material will have been reached; and woe betide the owner who
may have to pay the cost of stiffening the same! It is my- firm
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belief that with a better distribution of material we can obtain

excellent results from our ships on a reasonable amount of mate-

rial, and it will be my object this evening to endeavor to point

out the little that has been done in this direction.

We all certainly appreciate the structural difficulty to be

encountered when we increase the length of our present lake

freighter from 432 to 475 or 500 feet, yet this feat will shortly

become an accomplished fact. Before this could be carried out

it was necessary to find some one who had the courage of his

convictions and who would supply the money for such an under-

taking. This gentleman was found in the person of Mr. John D.

Rockefeller's representative, Mr. Bowers, general manager of the

Bessemer Steamship Company, and his courage will, I have no

doubt, be amply rewarded.

The two most important points to decide are (1) the "position

of machinery," and (2) the "scantlings;" or, in other words, the

"midship sections," that give the best possible distribution of

material.

I. POSITION OF MACHINERY.

Figs. 1 and 2 illustrate a ship lying at rest in still water,

unloaded. She has, therefore, to support only her own weight

and that of her machinery. In Fig. 1 the machinery is placed aft;

in Fig. 2 it is placed somewhat forward. Each figure shows two

curves—the curve of weight and the curve of buoyancy. Owing
to lack of time I have been unable to prepare similar curves for

boats ballasted and loaded.

In Fig. 1, between ordinates 1 and 6, the curve of weight is

in excess of the curve of buoyancy to the amount of about 345

tons; that is to say, this weight of 345 tons must receive support

from some other part of the ship than that immediately under it.

Between ordinates 6 and 15 the curve of buoyancy is considerably

above the curve of weight, but between ordinates 15 and 22 the

weight rises again in excess of the buoyancy to the extent of 261.2

tons. Our ship is simply a beam, supported amidships and

weighted near the bow and near the stern with the weights of

261.2 and 345 tons, respectively. The result is a very severe

bending moment in the area representing the excess of buoyancy.

In Fig. 2 the excess weight aft is 334 tons, and the excess

weight forward is only 86 tons, while the excess of buoyancy

amidships is only 420 tons. In Fig. 1 the center of gravity of

the overhanging weight is somewhere about ordinate 3, while in

Fig. 2 it is a little abaft of ordinate 5, so that, besides reducing
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the unsupported weight, we have practically shortened our beam
and consequently have reduced the bending moment around the

center of gravity of the area representing the excess of buoyancy-

Fig. 2 gives, therefore, a much better distribution than Fig. I,

which represents the old practice of placing the machinery in the

stern, and it is also my belief that when the boat represented by Fig.

2 is ballasted the excessive vibration, or spring-board action ob-

served in our modern freighters, will be no greater than in those

already existing, notwithstanding her excessive length. I think,
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also, that this could have been still further improved upon had the

machinery been placed further amidships; but it seemed advisa-

ble to stop where we did, in view of the difficulties that might

possibly occur in handling the cargo over the tunnel which pro-

tects the line shafting. It was our intention to put a raised plat-

form over the tunnel right across the ship, to facilitate, as far as-

possible, the handling of cargo. This, of course, would raise

somewhat the center of gravity of the cargo placed aft.

I have here shown that, although a boat may be unloaded
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and lying at rest, it is possible for her to be subjected to a very

severe stress, and this stress might be either what is generally

known as a "hogging" or as a "sagging" stress. In this par-

ticular case it happens to be a "hogging" stress; but it is possible,

under certain conditions, to so distribute our weights, etc., that

the boat will be subjected to a "sagging" stress, especially in

heavily armored warships. Such a boat, loaded, and riding

through a series of waves, would, in all probability, during a period

of a few seconds and through each foot of its length, be subjected

to a severe hogging and bending strain, due to the condition of

support on the wave crest. The wave conditions on our great

lakes are very difficult to approximate; at least, I have found it

so during my endeavors to obtain reliable information concerning

them.

II. MIDSHIP SECTIONS.

Fig. 3, design A, shows the "equivalent girder" for a given

ship; that is to say, the material of the midship section is supposed

to be collected and arranged in such form as will enable us to

approximate the strength of the ship treated as a girder. The
ship, whose equivalent girder is shown in Fig. 3, is one of several

floating to-day on the great lakes.

Figs. 4, 5, 6 and 7 show the midship sections and the "equiva-

lent girders" of four vessels, as follows:

Fig. Design. Vessels.

4 B Schooners "Sidney G. Thomas" and "Antrim."

5 C Steamship shown in Fig. 1.

6 D Tow barge, consort to steamer shown in Fig. 1.

7 E Steamship shown in Fig. 2.

The "Thomas" and the "Antrim" were built last spring by

the Globe Iron Works Company-—the "Thomas" for the Bessemer

Steamship Company and the "Antrim" for the American Trans-

portation Company. I consider the equivalent girder of the

"Thomas" as embodying a great step in advance of her prede-

cessors.

The boat represented in Fig. 5 is over 400' feet long, and has

been steaming on the great lakes for a couple of years.

In the table, page 73, we find the moment of inertia of the

several midship sections, and in comparing the bending moment
of the latter we notice that, as we have progressed, we have so

arranged our material that with each step the position of the

neutral axis has been raised considerably. The benefit of this

is apparent to all. On looking at the earlier equivalent girders,
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the point that first strikes the observer is the very bad distribution

of material. In analyzing a ship by this method, the first thing

we should naturally do would be to map out for ourselves an ideal

section to withstand the strains to which a ship is subjected; and

I think our ideal would be the H section which is used so ex-

tensively for girders. Here we have symmetrical top and bottom

members, practically uniform in section and securely attached

or tied to one another by the center web. Now if we compare

the equivalent girder of Fig. 3, design A, with this ideal girder,

we find that there is no attempt to obtain equal sections for these

two members, but that the bottom flange is excessivelv over-

1

'

:

1

Fig. 3.

Equivalent Girder, Design A.

burdened with material, which consequently depresses the neutral

axis of the whole section. In the equivalent girder of Fig. 4,

design B, we note that, although the neutral axis has risen some-

what, we have, nevertheless, a girder far from symmetrical.

In Fig. 5, design C, we note a retrograde step. The neutral

axis has not quite fallen back to the level of that in Fig. 3, design

A, but very nearly so.

In the equivalent girders of Figs. 6 and 7, designs D and E,

we notice a considerable improvement over the foregoing sections,

and these represent what I believe to be the best and latest steps
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taken in this direction. The top and bottom members of these

beams show a more nearly equal distribution of material, and con-

sequently quite a considerable rise in the center of gravity of their

sections. The boats showing what I believe to be the best distri-

bution of material have less material, relatively to their lineal

dimensions, than those first mentioned.

In endeavoring to obtain these sections, our first thought

was that Fig. 3, design A, showed an equivalent girder that was

practically all bottom and altogether out of proportion with the

top chord, the latter represented by the spar deck stringer and

sheer strake. We have endeavored to take out quite a consider-

able weight from the tank, and have added this to spar deck and

sheer strake, and in the shape of shelf plates under the spar deck

beams and one, two or three longitudinal stringers running under

the spar deck beams, and secured by intercostal plates to the spar

deck as well. This material, when assembled, shows a very satis-

factory section.

It will be very interesting to note that the boats represented

by Figs. 6 and 7, designs D and E, have another distinguishing

feature—the floors in the bottom are spaced every 2 feet, but the

frames, from tank top to spar deck, are spaced 4 feet apart, and

are made of a somewhat stronger section of channel than that

generally adopted for this purpose. In addition, the top and

bottom members are securely tied together by deep web frames,

24 feet apart, and also by 25-inch channel stanchions, 8 feet apart.

Immediately under these stanchions are the bilge brackets, also

solid, tying the top and bottom members together more securely.

Of course, it would be considerably better if we could introduce

also a system of diagonal bracing between these channel stan-

chions; but, inasmuch as this would affect the working of the cargo,

it is out of the question. Owing to the increase in the spacing

of the frames, the shell plating has not the local support that it

had in earlier designs; but, taken as a whole, this structure, com-

plete, is considerably stronger than that of the usual form. Rec-

ognizing, however, that the shell plating requires some additional

support locally, we have introduced a system of longitudinal inter-

costals, built up of channel and so arranged that there is never

more than a square piece of plate, 4 feet by 4 feet, unsupported.

This channel, when worked into the ship, not only affords local

stiffness, but, when properly fitted, can be made very effective

and useful for hold stringers; and it will also be noticed that, in

each case where we have introduced belt framing, we have also

a deep floor rising from the bottom to the top of the tank, and
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a much heavier channel forming the spar deck beam. This means

particularly that the ship, every 24 feet, is held together both

vertically and horizontally by a strong and most effective band,

making what I believe to be one of the strongest, if not the

strongest, midship section as yet on the lakes.

As before stated, in endeavoring to obtain some satisfactory

information as to the wave conditions existing on these lakes, I

failed to arrive at anything very definite. I have therefore had

to assume conditions approximately; but I am satisfied that there

Fig. 4. Design B.

are never less than three or four waves under even the shortest

ship here illustrated. If this is so, it is fair to assume that all

ships will practically, under the worst conditions, overhang . a

wave crest the same number of feet, and that the bending moment
will therefore vary, not directly as the length, but in the ratio of

this amount of overhang to the length of the ship. Fearing that

some would think this was favoring the latter designs, I have

given also a table showing a comparison of these several midship
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sections, assuming" that the aforesaid bending moment would vary

directly as the length. In Table A, if we refer to design A, we
shall notice that the stress in the top member, under these condi-

tions, amounts to 11.1 tons per square inch, and in the bottom

section 5.78 tons per square inch. In design J3 the 11.1 tons

fall to 7 tons, and the 5.78 tons in the bottom member fall to 3.78

tons, which speaks highly for the midship section of B. In C, as

before stated, we take a retrograde step. Here the stress in the

top member rises to 9 tons per square inch, and in the bottom

member to 4.86 tons; but when we come to D and E we see again

a decided improvement. D has a stress of 6.48 tons per square

inch in the top member and 4.77 tons stress in the bottom member,

while E has 5.47 tons in the top member and 4.40 tons in the

bottom member. That is to say, we have reduced the strain per

square inch in the top member of the equivalent girder of E to

one-half that of the top member of the equivalent girder of A, and

have also slightly reduced the stress in the bottom member of E,

as compared with that of A.

Now, if we take into consideration the value of the riveted

seams, and assuming the same to be 75 per cent, of the solid plate,

which I believe to be very high, we shall find our material in

design A stressed to about 15 tons per square inch, and this means

that the factor of safety is very low. In E we have a factor of

safety practically twice that of A, assuming the material to be of

equal value; but we know that open hearth steel, as used at the

present time, is considerably better than that used some five or

six years ago, and this will count greatly to the advantage of

design E. Now let us refer to Table B, where, as before stated,

we have assumed that the overhang and the bending moment will

vary in proportion to the increased length. This, for the wave

conditions obtaining on the lakes, will be placing the longer

boats at a most decided disadvantage, compared with the smaller

ones; but we find, on referring to the stress per square inch given

in the table, that design A has the top and bottom members

stressed 9 tons and 4.69 tons, respectively, and E has her top and

bottom members stressed 7.25 tons and 5.88 tons, respectively,

giving to D and E a decided advantage over those preceding, even

under this unfavorable condition of comparison.

We certainly have here some food for reflection. These mid-

ship sections represent the practice of several years, and if we can

justly come to the conclusion that we have made some little prog-

ress, it is certainly gratifying; and I think we are safe in assuming

that the later practice represents a step forward. Tables A and
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B show this very distinctly, and, when we recognize that ship E
is 43 feet longer than ship B, 2 feet more beam and 1 foot greater

depth of hold, and has only about 100 tons more of material, we
shall certainly recognize that we have made a most decided ad-

vance; and it is the ability to give to ship-owners these increased

dimensions on proportionally smaller weight that renders this

undertaking financially successful.

The figures given in tables A and B have been worked out

on the slide rule; but they are, I believe, fairly accurate.

DISCUSSION.

Mr. Joseph R. Oldham.—I admire Mr. Newman's industry

in producing such a paper as this. His diagrams are very inter-

esting. There was one remark of Mr. Newman's, however, with

which I do not agree; that is, relative to the weakness of our lake

boats. At the present time we have not a "tin-pan" on the lakes,

and certainly not one belonging to Cleveland. We have one or

two thin boats, and I admit that they do not look very strong;

but they have been gone over and greatly strengthened. I am
told that we have some boats with very hard steel in them.

Speaking of the difference between buoyancy and weight, I

think Mr. Newman is in favor of placing the engines aft. Now,
as you are aware, the two ends of a vessel are not water-borne.

When a vessel is in ballast there is no question that the engines

are better at midships ; but, when loaded, the strains are less severe

with the engines aft. Vessels drawing 20 feet of water have

greater stress of wave with the engines midship. Therefore, I

am inclined to think that the engines are better aft. Mr. Newman
thought that the tunnel would raise the cargo undesirably; but

that is not so. There is no danger on lake vessels of having any

cargo too high. I would ask Mr. Newman whether he took into

consideration the arrangement of the butts, because there is a

doubling plate, a shear plate and a stringer plate, and the butts

are all together; whereas, when three butts are used they should

be well separated.

A short time ago steel-makers made very hard steel, and

when it was worked in the ships the steel broke. Then they said:

"They say it is too hard. Let us make it soft enough to suit

them." Are you sure the steel is not now too soft? Of course,,

this is a wonderful improvement in the equivalent girder.

I have never been able to see why a vessel that carries the

boilers should not be as well riveted as the boilers. In boilers a

man will arrange the pitch to a hundredth part of an inch, and
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yet in a boat they think that anything will do, and are not at all

particular to £ of an inch; yet £ of an inch in pitching a rivet will

make a great deal of difference in the strength of the butts.

Our ships have the strongest bottoms afloat.

Mr. A. H. Raynal.—If the figures are correct, and if these

diagrams are correct, we have only about n tons of strength

(about 22,000 pounds) to the square inch. We can readily see

that there can be a factor of safety of only 1^; and if that be true,

Fig. 5. Design C.

then that section of the ship is rather dangerously weak. If I

understand Mr. Newman rightly, he is for taking the midship

section of the H form.

Mr. John P. Johnston.—I desire to ask whether these

diagrams of flotation represent the boats not loaded?

Mr. Newman.—Yes, sir; the boats are light.

Mr. Johnston.—Would there be any advantage in bringing

the boilers forward and carrying the steam pressure back to the

engines? It could be done without interfering with the bottom.
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Mr. Newman.—No, sir; that would cut off the cargo space

too much.

The President.—Captain Tuttle, will you tell us what makes

these boats break in two once in a while? Is it because there is

too much steel in them?

Capt. J. V. Tuttle (visitor).—The steel is not in the right

place. I agree with all who have spoken, that it is an improve-

ment to put the strength in the top. The ships which have broken

had most of the strength in the bottom and not enough in the top.

I can only speak practically of what I have seen, and I think it

was lack of strength in the top, and not in the bottom, that caused

them to break in two. There was metal enough, but it was not

in the right place.

Mr. William B. Cowles.—It used to be the case that when
a ship would pay for herself on the lakes in three or four seasons

it did not pay to go into too fine points of economy ; but now the

traffic on the lakes is like what it is on the seas, and the fine

points come in. It pays to look out for them, and to bring in

some of the heretofore despised things that the salt-water people

have been looking to 'for some time, for their profit. We shall

have to put more scheming every year into this lake traffic. This

is a right step in the right direction—improvement of details.

Mr. Oldham.—With regard to those vessels which have

broken on the lakes (I can count seven, eight or nine), I have not

known of one with wooden decks on top of the steel which has

broken. It is quite the fashion to treat wood as valueless; but

my theory is this: These steel-decked vessels did not break

through tension; they broke through a hogging strain; and here

the wood becomes of great use. A 3-inch wooden deck, to resist

a hogging strain, is of more value than a 5-16-inch steel deck.

It is quite the fashion now to talk of throwing the wooden decks

away, but I am sure it will make a weaker ship. Compression

always follows a sagging strain, and when the bow is immersed

in the sea with the stern, then a sagging strain comes on and the

ends are elevated. Then the wooden deck is of very good use.

You cannot with impunity dispense with a wooden deck on top

of a steel plate. The last steel deck I saw broken broke through

the rivet holes. The rivet holes will assist a ship in taking com-

pression as well as tension.

Mr. Newman.—Relative to Mr. Oldham's remarks respect-

ing "tin-pans," I did not compare the vessels to a baking pan, but

made the remark on the comparison of these figures in the chart.

I would not like to sail on a boat knowing the conditions shown
6
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in the diagrams to exist. My remarks concerning the engines

were that, when the boat is in ballast, the engines midship

would give better results than if placed aft. My remark about

the cargo was not that we cannot carry the cargo too high, but

that a high cargo in a quartering sea is apt to twist and wrench

the hull.

Mr. Oldham's remarks concerning the riveting were possibly

right. It is, no doubt, a fact that the bottoms of our lake ships

Fig. 6. Design D.

are the strongest in the world ; but if we put our trust in the bottom

and do not look into the plating of the top, then, instead of being

a source of strength, it becomes a source of weakness.

John W. Seaver (visitor).—Economy in the handling of

material in the actual work of construction affects the cost of that

work, though perhaps not quite so much as the distribution of

material in the ship. Figs. 8 and o, illustrate some changes which

are now being made in two ship-building plants on the great lakes.
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One plant (Fig. 8) is at the extreme end of Lake Superior, at

the American Steel Barge Company's ship-yard.

The other plant (Fig. 9) is at the other end of the lakes, at

the Union Dry Dock Company's yard in Buffalo.

In these two yards crane services are now being installed.

They are of different designs, yet each, I believe, will effect a large

saving in the actual construction of a ship.

This saving will be effected in the reduction of the labor re-

quired to transport the plates from the shop and yard to the side

Fig. 7. Design E.

of the ship, and hold them in position until they are properly

secured with bolts.

The present practice in each of these yards is the same as in

most of the other ship-yards in the country. A temporary stag-

ing is built each side of the vessel, and up inclined gang planks on

this staging workmen drag the plates on small cars. This is a

very laborious and expensive method of handling; and, considering

the large saving of labor effected in the ordinary machine shops by

means of the crane service, which is now a necessary equipment of
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every modern shop, these two ship-building companies decided to

install crane services over their yards.

Fig. 8 illustrates the crane and permanent scaffold which are

now being erected for the American Steel Barge Company's ship-

yard. This crane is of the cantilever type and covers the berths

for two ships.

Fig. 8.

Crane Service for American Steel Barge Co.

West Superior, Wis.

Fig. g.

Crane Service for Union Dry Dock Co., Buffalo, N. Y.

The elevated steel track upon which the crane rests is utilized

as a permanent scaffolding for one side of each ship. The material

is brought from the punching shop on the small truck seen under-

neath this scaffolding and lifted up through the scaffolding and

run out on one of the arms on either side of the crane to its posi-
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tion over the ship. It is then lowered and held while being

secured. This crane is to be a high-speed crane, having a velocity

of 300 feet per minute on the runway, which will be some 420

feet long.

The service shown in Fig. 9 is now being installed at the

Union Dry Dock Company's yard at Buffalo. This is a different

type of crane and designed for a different service. Only one berth

is covered; but the entire yard is served, and one arm extends

over the punching shop, which may at any future time be removed,

thereby giving an increased yard area covered.

The advantage of the second form of construction over the

first is that less space is occupied in the yard by the runway, which,

in this case, consists of two entirely independent lines of track.

This also is a high-speed crane. Both of the cranes are de-

signed for continued and hard service, and are worked by electric

motors of ample power to run them to their full capacity.

Mr. Newman.—In reference to these cranes, I think what

Mr. Seaver has told us is very important, and I believe there is

a great saving of labor in the application of these cranes; but it

is difficult to get the money to put them in operation. I am only

awaiting the money to put them in. I believe there would be a

saving of 30 per cent, in the unskilled labor.

The President.—The yards at Lorain are equipped ith

cranes similar, except that they have a ship on each side of the

main trestle, and outside of each ship a wooden trestle, which is

readily taken down before launching a ship, and then replaced,

the ship being launched sidewise, as is the custom here.
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THE DIESEL MOTOR.

By Col. E. D. Meier, Member of the Engineers' Club of St. Louis.

[Read before the Society, February 2, 1898.*]

This motor represents the latest development in heat engines,

and differs from almost all that have gone before in the manner
of its evolution. It is not a result brought about by an accident,

or by a train of thought begun with some other purpose and ending

in discovery or invention. It is the direct and final outcome of a

long course of study, begun with a definite purpose in view, that of

producing a heat engine which shall approximate as closely as

practicable to the ideal of Sadi Carnot.

Thermodynamics, like most sciences, grew out of the investi-

gation and analysis of a number of practical experiments and prac-

tical results. Early inventors, therefore, knew nothing of the

laws which they attempted to utilize. They were like travelers in

some unknown and unmapped country, making discoveries in

various directions, but unable to connect them or to understand

their inter-relation. Such inter-relation, however, exists between

the discoveries in the realm of science as well as in those made
on an unknown plain or mountain range.

Thus each inventor follows out his own line to its farthest

limits. The student and analyst come later, patiently separate the

accidental from the essential, and, finding the underlying princi-

ples, combine them into a science, define the limits in each direc-

tion, and mark out new lines and new starting points for future

inventors.

The Marquis of Worcester, when he forced water to the

unprecedented height of 40 feet, or burst cannons by the explosive

force of steam, in 1663, knew nothing of the equivalent in mechani-

cal force of a given amount of heat. Huyghens in 1680, Papin in

1690, trying to produce motion and power through the explosive

force of gunpowder, Savery in 1698, with the original pulsometer

pump, Watt in 1769 harnessing the expansive force of steam,

Street in 1791 exploding the vapor of turpentine in an engine

cylinder, all essayed to utilize certain physical forces whose effects

they had observed in various ways, but whose causes and limita-

tions they were unable to analyze or measure. Therefore the

development following the line of least resistance must proceed

in the direction which for the time being presented the fewest

obstacles or offered the most readily available means. It was

Manuscript received February 9, 1898.—Secretary, Ass'n of Eng. Socs.
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natural then that while gas and oil engines were being invented

and developed alongside of the steam engine, that the latter should

rapidly take the lead and leave behind it on every side the wrecked

hopes of men whose intelligence and industry were fully equal to

those of the early steam engine inventors, but who had unwittingly

chosen the more difficult path. But nevertheless Street, Brown,

Barnett, Drake, Barsanti, Matteucci, Lenoir, Beau de Rochas,

Hugon, and others were working in the right direction and were

building for the remote future, though incited by the hope of im-

mediate results. Neither the materials of construction, the tools

for manufacture, nor the science for intelligent direction were in

their day available. For such pressures and such results as fully

sufficed for the early steam engines, all these were at hand, and

when greater pressures, greater velocities and more compactness

were demanded the very industries the new motor had created,

revived or extended kept pace with its development in the produc-

tion of better material, more accurate tools and stronger machines

for handling the heavier masses required.

It is well known that Watt was fully satisfied to evaporate a

cubic foot of water each hour in order to obtain a horse-power,

and that 8 pounds of good English coal burned under his boilers

to produce this result was sufficient economy. The first improve-

ments were directed to obtaining better packings, preventing leak-

ages, improving valve motions and reducing frictions. While

Woolf in Holland had early in our century shown in the great

drainage system of his native country the advantages of the com-

pound engine, the reason for its greater economy was not under-

stood until much later. Even at the close of our civil war this

was so little understood that a costly experiment on a large scale

by a comparative dock test of the engines of the "Winooski" and

"Algonquin" was undertaken by our Government. The eminent

engineer Sickels contended that 12 and more expansions in one

cylinder were possible, and would produce great economic results.

Isherwood, to whom we owe the first conclusive experiment in

cylinder condensation, opposed him with great abiltiy, but could

not get intelligent public opinion on his side until he had, with four

expansions, disastrously defeated Sickels with his twelve. Since

then thermodynamics, nursed in the studies of Zeuner, Rankine,

Clausius, and other men of genius, marched forth into the world

and took possession of the designing room of all first-class engine

works. From the compound engine were evolved the triple and

quadruple expansion, intended by higher initial temperatures and

less loss of heat in each cylinder to reduce cylinder condensation

to its lowest limits; and latterly reheating of the exhaust from
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the first cylinder on its way to the second is accomplishing this

result to an extent sufficient to enable engine builders to dispense
• with the complications of the third and fourth cylinder.

Meanwhile the chemistry of fuels has been studied and de-

veloped, and the economy of the steam engine is now measured by
the percentage of work it gives us in its main shaft as compared
with the amount locked up as potential energy in each pound ot

coal burned on its boiler grates. We have thus by successive

steps advanced from the 2.\ per cent, efficiency of Watt to the

5 per cent, of the first-class modern slide-valve engine; from the

6\ to 7 per cent, of a good high pressure Corliss to the io per cent,

of the perfect modern compound, and the 12 per cent, of the best

triple expansion engines. With warning voices heard on all sides

as to the increasing danger of the total consumption of the visible

supply of fuel in the world, and with water wheels approaching

90 per cent, efficiency, with electric motors pushing them hard for

first place, we must acknowledge that this result for the steam

engine is not satisfactory, and yet it represents the cumulative

result of the labors of thousands of engineers and mechanic?,

among them some of the most brilliant intellects that adorn the

pages of the history of our race. There are, then, limitations

against which the science of the analyst and the skill of the

mechanic are vain. Or, let us say rather that both theory and

practice have shown where these natural barriers are and point to

a new direction for our energies.

Depending on the original heat value and the chemical and
mechanical constitution of the coal, it is possible with the best of

boilers and the best of management to put from 75 to 80 per cent,

of the potential energy of the fuel into the boiler as steam. The
balance of the enormous loss is generally charged to the steam

engine, and on prima facie evidence this is just. The furnace and

boiler have developed the heat from the coal and have stored up

75 to 80 per cent, of it in the steam space. But it is not in a con-

dition to be entirely available for the purposes of the engine. Of

the heat which has been put into the water in order to convert it into

steam of the desired pressure and temperature, between three-

quarters and two-thirds is necessary in order to change the form or

physical condition of the water from the liquid to the gaseous state,

hence only one-quarter to one-third of the heat which has been

retained by the boiler is available for producing mechanical effect

in the engine. Feed-water heaters and condensers save what

they can of this large proportion. Of the 30 per cent, available we
first lose a great deal in the transmission pipes. Experiments

show that from 400 to 500 heat units are lost per hour per square
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foot of pipe surface. By very carefully covering these pipes with

non-conducting materials we can reduce this loss to one-third, but

even then we have still a loss of 3 to 4 horse-power (known to be

present in this steam) for every square foot. To put this in con-

crete form, consider a 100 horse-power engine requiring at least

a 3-inch steam pipe, and we have a loss of 3 to 4 per cent, for every

foot in length. Arrived at the cylinder, the condensation in the

cylinder itself is the greatest enemy of economy. Actual measure-

ments have shown 60 to 100 per cent, loss by condensation, i.e.,

that 1.6 pounds to 2 pounds of steam had to be put into the

cylinder to do the work of one. These are, of course, extreme

cases, but they illustrate the great difficulties in the way of pro-

ducing economy in the steam engine. And all these losses be-

come greater as soon as the steam .engine is to be used in cases

where the work to be done is variable. For these losses in the

pipe system, in cylinder condensation and by friction and radia-

tion everywhere, are in the nature of fixed charges just as large

when the engine is developing 100 horse-power as when it is devel-

oping 200. Naturally, then, the only chance for economy in the

steam engine has been in the production of very large units where

every precautionary measure, no matter what its first cost, can be

employed in order to reduce to a minimum these great losses, and

by the multiplication of the demands for power to make the varia-

tion less than it necessarily is in small plants. Besides this, for

the larger engines, a higher degree of skill in the engineer in

charge can be paid for, while the larger boiler units reduce the

cost per horse-power in fireman's wages. Thus the concentration

of power in one or a few large units in industrial establishments

has added one more cause to the many which are driving the small

shop and the small mechanic out of their independent position to

become only so many cogs in the huge gearing of modern mass

production. We may truly conclude, then, that the steam engine has

nearly reached the limit of its possible perfection and usefulness,

and that a better prime mover, capable of saving more fuel and of

subdivision into smaller units, is the natural demand of the age.

Rankine, Zeuner and Fleeming Jenkin have years ago predicted

this, and some 300 firms and corporations actively engaged in

building gas and oil engines are trying to supply this demand.

Following the partial success of Lenoir in Paris in i860, and

the further advance in 1867 of Otto and Langen in Cologne,

came the invention of the Otto "Silent" engine in 1876, whose

general method of action has been adopted practically by all sub-

sequent gas and oil engine builders. Since the expiration of the

Otto master patents, the development has been rapid in England,



go ASSOCIATION OF ENGINEERING SOCIETIES.

as well as on the continent of Europe. All these engines are inter-

nal combustion motors. The fuel is burnt in the cylinder, thus

saving all losses from radiation in furnace, boiler and pipe system,

and utilizing the heat directly as produced in the working cylinder

by expansion. The oil engine differs from the gas engine in hav-

ing to change its fuel from the liquid state to that of gas or vapor

before combustion. But the gas engine has to do this in a pro-

ducer or retort of some kind placed at some distance from the

engine itself, and is therefore subject to these losses. They may all

be classed under four types.

First. Free piston engines, in which the work is not obtained

directly from the expansion, but from the weight of the returning

piston and the partial vacuum formed under it by the initial velocity

due to explosion and expansion.

Second. Engines igniting at constant volume, but without

previous compression.

Third. Engines igniting at constant pressure with previous

compression, and

Fourth. Engines igniting at constant volume with previous

compression.

Various difficulties, to which I cannot even refer in present

limits, have tended to gradually eliminate all types but the fourth,

and this works under the Otto method as the four-beat or four-

stroke machine. The first stroke charges the cylinder with the

explosive mixture at atmospheric pressure, the second compresses

the charge to about 4 atmospheres, the third explodes it and per-

mits it to expand doing work, the fourth expels the spent gases.

Variations exist in methods of compressing and in methods of

igniting. The ideal conditions of this cycle are very contradic-

tory, one part of the cycle requiring what the other rejects. A
happy medium is chosen from practical experience. It is found

economic to keep the cylinder as hot as possible without endan-

gering durability, generally at the temperature of boiling water.

Some form of igniter is necessary. The earlier methods of gas

jets passing through slide valves or alternately igniting in a hollow

cock by an outside flame and being again blown out by the explo-

sion within, have been entirely abandoned. Electric sparking is

still used to some extent, but it is found to be uncertain unless

sparks of considerable breadth can be obtained. Various kinds

of chemical reaction have been tried, but discarded for want of

durability in the elements used. The most generally used con-

trivance is the hot tube, heated up either by constant flame or by

a rapid explosion, and into which the explosive charge is admitted

at the beginning of each motor stroke. In the case of the oil
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engine the vaporizer itself is found to be available as an igniting

device. But self-ignition, as proposed by de Rochas as early as

1862, has never been attempted in practice for the simple reason

that differences in the composition of the charge, in its tempera-

ture, and in the amount of compression, would vary the igniting

point so that it might explode a long time before or after, instead

of just after the beginning of the outward stroke, thus causing

irregularity of action, loss of economy, and possible destruction of

the engine.

This question of ignition of the charge is one sore spot in gas

and oil engine practice; another is the question of regulation. It

is not practicable to regulate by varying the amount of fuel in-

jected, because a certain fixed proportion between the amount of

air and the amount of gas or oil vapor is necessary to produce the

true explosive mixture. A third difficulty is in the large clearance

Fig. 1. Indicator Card, 20 H. P. Diesel Motor, Full Load.

space necessary for containing the charge at its maximum com-

pression and giving access to the ignition device. Most engineers

need not be reminded of the evil effects of large clearances, and

will realize that gas and oil engines must possess great virtues in

every direction to be able to work successfully with clearance

running up as high as 30 per cent, of the total cylinder volume,

leaving only 70 per cent, for the working cylinder. Finally, the

sudden action of all explosions, although somewhat modified by

the imperfect mixture of the charge causing retarded combustion

(the Nach-brennen of the Germans), causes such violent alterations

of speed and pressure that very heavy parts, large fly wheels, and

high speeds are necessary to approximate to the smooth-running

of the steam engine. Thus, although gas motors have reached as

high as 18 to 19 per cent, of actual brake efficiency, and oil motors

as high as 16 to 17 per cent., so that small internal combustion
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engines are showing better economic results than iooo horse-

power compound and triple steam engines, they are but slowly

encroaching on the field occupied by steam. But they are gaining

ground. There are some gas engine companies, each of which

has sold in the last ten years from 90,000 to 100,000 horse-power,

mostly in small engines of 4 to 6 horse-power each. Gas engines

of 200 and 400 horse-power each have been built in limited

numbers. Working between temperatures of 3000 degrees and

500 degrees, they approach Carnot's theoretical requirements more

closely than the steam engine. But the higher degrees of tempera-

ture occurring during explosion are not utilized in Carnot's sense.

Most mechanical engineers in active practice to-day have met,

in one way or another, the problems and the difficulties which I

have lightly sketched, and finally had to shrug their shoulders and

agree to do the best they could.

Rudolph Diesel, educated in thermodynamics by the great

Linde, in close relationship with men like Zeuner and Schroeter,

made this thermodynamic question the study of his life, and for

15 years devoted all his spare time and the savings resulting from

a frugal life to the practical solution of the problem of the transfer

of heat into work. Commencing with a full knowledge of ther-

modynamic requirements, his experiments were guided by a clear

knowledge and a strong conscience which would not allow him to

be carried away by partial success. The habit of merciless self-

criticism has become so fixed in him and his knowledge of the

possibilities of the rational motor is so clear, that nothing short of a

large number of experiments and tests will satisfy him in regard to

any new type or organ in connection with his heat engine. His

short but conservative discussion of the problems published under

the title of the "Theory and Construction of a Rational Heat

Motor," and translated by Mr. Bryan Donkin into English in

1893, is familiar to most students of thermodynamics, and to those

who can appreciate it, it is more fascinating than one of Steven-

son's novels. As the doctors in thermodynamics do not agree on

every point, his little book created much discussion. But brought

to the attention of President Buz, of the Augsburg Machine

Works, and of Friedrich Krupp, of Essen, by their consulting

engineers, these far-seeing men were found willing to spend nearly

a half million of dollars in developing this rational heat motor of

Diesel's theory into a practical working machine. They placed

Mr. Diesel at the head of a well-selected force of engineers, gave

him a section of one of the large shops at Augsburg, in which to

build, erect and experiment with his motor. The first 12 horse-

power motor was gradually brought to a high state of efficiency,
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and the experience gained embodied in a 20 horse-power motor

which has since become the Kaaba Stone of the faithful among
the mechanical engineers of Europe. With this motor to illustrate

and prove his theories, Mr. Diesel, in April, 1897, read a short

paper before a select circle of European engineers in Munich, and

then took them to Augsburg to show and test the motor in their

presence. So successful was this first public exposition that a

large English firm at once bought the rights for Great Britain

Mr. Diesel followed this by a more elaborate paper, read on June

16, 1897, before the Convention of Engineering Societies of Ger-

FlGS. 2 AND 3. Indicator Cards, 20 H. P.

Variable Load.

Diesel Motor,

many, at Cassel. He was followed by Professor Schroeter in a

report on tests made by him on the Diesel engine. By this time

the opposition and jealousy of the builders of older internal com-

bustion motors had been aroused, and specialists were sent to Cas-

sel for the express purpose of refuting and criticising Diesel.

Like Saul of Tarsus they came back apostles of the new faith, and

the largest gas engine companies of Germany, France and Bel-

gium, recognizing the large and liberal-minded policy of Mr.

Diesel and his associates, bought shop-rights and began either to



94 ASSOCIATION OF ENGINEERING SOCIETIES.

build Diesel motors in their existing shops, or to erect large shops

for that special purpose.

I will not attempt to follow Diesel in his refined thermody-

namical reasoning, or to offer any criticism of the same. The
Cassel papers are now accessible in English, a translation having

been first published by the "Progressive Age," in this country,

and I have a limited number of copies in pamphlet form for those

interested in the theoretical aspect of the matter. Most of you will

be interested, as I am, in the practical side of the question. For

them I will state first what I consider the underlying principle of

Diesel's invention, and his great step in advance, and then give a

short description of the motor as thus far developed.

Ignoring for the moment the patented mechanical details of

the engine itself, Diesel's main invention is a process for converting

the heat energy of fuel into work. It consists in first compressing

air, or a mixture of air and neutral gas or vapor, to a degree pro-

ducing a temperature above the igniting point of the fuel to be

consumed, then gradually introducing the fuel for combustion into*

the compressed air, while expanding against a resistance sufficient

to prevent an essential increase of temperature and pressure, then

discontinuing the supply of fuel and further expanding without

transfer of heat. This is then a process embodying in part the best

of our steam engine methods. But Diesel, by using only per-

manent gases for the vehicle of the expansive force of heat, avoids

cylinder condensation. He has less loss of heat to the cylinder

walls, because again these gases have less conducting power than

steam. The compression before admission, which we find so

essential to the smooth working of the steam engine, he uses to a

far greater extent. In fact, his upper limit of pressure is reached

by the compression itself. Because even his combustion does not

essentially increase his temperature or pressure, since it does

mechanical work during its entire continuance, and after that dur-

ing resulting expansion. The sudden blow on the piston which

occurs even in the steam engine, and is unchecked and violent in all

previous internal combustion motors, is entirely avoided by Diesel,

for his adiabatic compression is gradual and complete. In place of

the 30 per cent, of clearance in previous gas and oil engines, he has

less than 7, and this small space is filled with air compressed to

over 500 pounds pressure and at a temperature of over 1000

degrees. Into this the petroleum is slowly and gradually injected

during a predetermined part of the stroke by means of compressed

air, compressed by a separate air-pump to a temperature higher

than that in the working cylinder. The result is a gradual and

complete combustion, so that the exhaust of spent gases is noise-

less, odorless and invisible. We have all of us noticed the puffing
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noise and smell of gas or oil, the soot or the dripping of oil from

the exhaust pipes of gas or petroleum engines. None of these

exist in the Diesel motor. The exhaust pipe is in full view, close

to a wall of cream colored brick, and runs just above the eaves of a

slate roof. After running upwards of a year there is no discolora-

tion on pipe, on roof or on the wall. In very damp weather a

small quantity of steam accompanies each exhaust; in dry weather

you see only a quiver of heat.

Fig. 4. Indicator Card, 20 H. P. Diesel Motor, Load
Varying from Full to Half Load.

Fig. Indicator Card from Air Pump, Diesel Motor.

The general construction of the motor is best shown in the

sectional cuts which accompany this paper. In appearance it is

like a vertical marine steam engine. Both main cylinder and air

pump are single acting. The cylinder as well as cylinder heads

are water jacketed. A small steel reservoir marked b is always

kept supplied by the air pump to a pressure of about three atmos-

pheres higher than that in the main cylinder. This air is used

for injecting the petroleum during the working of the engine and

after stopping is held in reserve by closing a stop-cock, to be used
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in starting the engine the next day. This is accomplished by plac-

ing the crank just beyond the dead point, and by a lever throwing
a cam into gear which opens a starting valve shown to the left in

the section of the cylinder head. This being opened by a hand
lever admits one full charge of compressed air, sufficient to cause

one revolution ; on the return stroke this starting cam is automati-

cally thrown out of gear and the regular valve motion acts, and the

first .charge of petroleum is ignited at once, and in about 30 seconds

the engine is under full headway. Once started the engine re-

quires no attention except to see that the automatic oil cups are

filled and act properly. The oiling of the main cylinder and of the

air pump is done under pressure, the oil being forced in on the level

of the lowest position of the upper packing ring. The consump-
tion of petroleum of a low grade of lamp oil varies from 215 gms.

to 250 gms. per brake horse-power. The amount of lubricating

oil for an engine is considerably less than that for a good steam

engine of equal power, and in the later engines a small cistern is

provided in the base plate, into which all surplus oil flows through

a filter, from which it is again pumped to the distributing tank

from which small pipes carry it to the working parts.

The essential parts of the engine, after the cylinder and air

pump, are the air induction valve c, the petroleum valve m,

and the exhaust valve d. These are all located in the head of

the cylinder, and only the surface of the valve head is exposed to

the temperature of combustion.

When I saw the motor it had been running continuously for

about 8 months. I had the three main valves removed and put

my arm into the cylinder within 12 minutes after the last working

stroke. It was not as hot as a steam cylinder under similar condi-

tions; was worn perfectly smooth; there was no soot or crust in

the combustion chamber. The heads of the valves being cooler,

had accumulated just enough soot to blacken the fingers in wiping

it off. But underneath this the surface was smooth and polished,

except a few rust spots on the head of the air valve. These

valves are made of hammered steel. The cylinders are made of

close-grained cast iron, with a little admixture of wrought scrap,

steel castings having been found too porous. The engine was shut

down in my presence, at the request of a commission of engineers

from Vienna and Stuttgart, and in conjunction with them I spent

one hour and a half in a critical examination of all the working

parts. From conversation and considerable questioning of the

machinist in charge, I judge that there has been practically no

cleaning of the internal parts done since the motor was first started

in October, 1896. No soot or crystallized carbon can form any-
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where, because the combustion is perfect and complete. These

earlier engines show many complications, just as all new machines

do. As "Sir. Marx, the chief engineer of the steam engine depart-

ment of the Nurnberg Works, remarked, when we practical men
get to building them by the quantity we will eliminate all these

useless trappings, and in a year or two we will have as simple a

machine as any steam engine. But as high pressures and high

temperatures (though much lower than those of other internal

heat engines) must be used for the successful work of these motors,

only the best of material and the best of workmanship can be em-

ployed. As compared to the best modern gas and oil engines, the

Diesel engine shows a great advance in economy, while at the same

time giving a smoothness of action heretofore reached only by the

best steam engines. Furthermore, its loss in efficiency when run-

ning at half-load is also considerably less than that of gas or oil

engines. Its regulation is perfect. The cylinder always com-

presses a full charge of air, so that there is always a surplus to burn

the fuel injected, and there is no necessity as in explosion engines

for preserving the exact relations between the quantities of air and

fuel. The thermic efficiency is greater when the charge is reduced,

so that it largely covers the greater per cent, of loss in the me-

chanical efficiency, which as we have seen always occurs at less

than normal load, because the quantity is fixed.

Since Mr. Diesel began his work with the fixed determination

of finding something worthy of supplanting and succeeding the

steam engine, the question is pertinent, Will this motor do so?

Were we to consider only the economy in fuel, there could be but

one answer. For, while the best steam engine gives us but 12 per

cent, efficiency, the best oil engine from 16 to 17, and the best gas

engine but 18 to 19, all figured from the actual heat energy in the

coal or oil to the actual brake horse-power, the Diesel motor

began with 25 per cent., has shown from 26 to 29 on many tests,

and has sometimes reached 30 per cent. Furthermore, for

American conditions this high efficiency has been practically main-

tained when running with such residual products as gas oil or fuel

oil. But there are many other conditions. First comes availa-

bility at all times and places, and simplicity. The simplicity of the

steam engine for small powers has been the result of judicious

elimination of parts, in many cases accompanied by some sacrifice

in fuel economy. There are many thousands of cheap steam

engines running to-day which do not utilize 1 per cent, of the fuel

expended on them. They are used for the same reasons that saw

millers persist in buying and using old steamboat boilers which

have been thrown out by inspectors as dangerous. There is a very

7
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wide-spread belief that any tramp picked up for harvesting on a

farm can run a small steam engine, and although this belief results

in a somewhat rapid diminution of that class of labor, it has not yet

been recognized as a superstition.

Where coal is as abundant and cheap as in the United States,

the first cost of any fuel-saving device militates strongly against its

adoption; only in large establishments, notably electric light and

power plants, water works, flour mills, the more modern blast fur-

naces and steel works, and in some breweries is economy of fuel

recognized as essential, and in comparatively few of these is it

watched as it should be. But the tendency to watch and scrutinize

all the outgo in these various plants is growing. The enormous

development of the electric industries, and the necessity of cheap-

ening the cost of the current, so as to compete on more even terms

with gas, has led to a more general and careful scrutiny of the cost

of a steam horse-power than was ever before attempted. While a

great many devices have been introduced whose only merits are

the first expert duty test and the never-failing eloquence of their

promoters, a great many improvements have been made and plants

more carefully designed, making continued economy probable.

The most notable feature of these improvements is the sweeping

away at once of all those auxiliary machines, formerly thought

necessary, which are known by the expressive title of "steam

chewers," and replacing them either by machinery directly con-

nected with the main engine or running by electric motors.

A recent careful investigation of the cost of auxiliary steam

power on board the United States Steamship "Minneapolis" shows

some of the auxiliary engines using as high as 266 pounds of steam

per indicated horse-power hour, and a number of others running up

to 100 and 125 pounds per indicated horse-power hour, or, roughly

speaking, the auxiliaries are shown to have an efficiency of less

than one per cent. As all these auxiliaries can be, without the

slightest difficulty, run by Diesel motors, it is fair to presume that

here is a field in which the Diesel motor will almost immediately

supplant the steam engine. In regard to the main steam engines

of steamships, locomotive engines, street railway motors, and

motors for automobile carriages, the substitution of the Diesel

motor for the various forms now employed, whether direct steam

or electric, by overhead or underground trolley, seems not only

desirable but so imperative a necessity as to scarcely leave time for

that careful development of types for these special purposes which

must precede their general introduction. Leaving out of question

the wasteful engine of locomotives or dummy cars, and considering

the triple expansion marine engine only, we have this comparison:



THE DIESEL MOTOR. 101

The marine engine will, under fair average conditions, show as

high as 10 per cent, efficiency; allow that, under like conditions of

hard service, the efficiency of the Diesel motor drops as low as 25
per cent. Remember further that we have in the fuel oil 1.4 times

as much calorific value per pound as in good bituminous coal, and
we have 1.4x2.5=13.5 times as much power in each pound of fuel

oil carried for the Diesel motor as in each pound of coal carried

for the steam engine. We have from this alone a saving in dead

weight of over 70 per cent. To this must be added the saving in

weight of boilers with the water contents, of stored fresh water, and
ot the evaporators. I am allowing that the multicylinder Diesel

motors will weigh as much as the present engines with their

pumps and condensers. Besides, there is the enormous saving in

the labor of stokers, which will not be needed with Diesel motors.

It will, of course, be some time before large marine motors will

be successfully built, but the first one of 400 horse-power has been

planned in England, and as soon as certain preliminary experi-

ments have been completed, its construction will be begun and. no

doubt pushed rapidly.

For street car and railway car work there are two motors

building in Niirnberg at the present day, and the successful devel-

opment of that type may be confidently hoped for during the year.

Experience shows that in all electric light, and to a sl.'ghtly less

degree also electric power plants, there will recur sudden abnormal

demands whose time cannot be predetermined, and for which

provision must be made. This means either holding an addi-

tional boiler under steam, or for a short period forcing the boilers

already in service to nearly double their normal work. For such

purposes a number of Diesel motors, each directly coupled to its

own dynamo will be invaluable. What manager of an electric

power plant would not feel more at ease if he had a number of

such motor units, say of 60 to 100 horse-power, each ready for full

service in 30 seconds from the time notice of the sudden demand
is given? In existing electric railway plants the ability to save a

large investment in copper for lightly-traveled, long-distance

suburban roads, and to run owl cars without using the main

engine, will also open a field for the Diesel motor. In deep mines,

frequently at a distance from the coal supply, in portable pumps
and drainage plants, and in large placer mining districts where

water is scarce, similar conditions exist as explained for the marine

engines, and "the first Diesel motor successfully run in any such

field will probably bring a demand larger than can be promptly

supplied.

As regards the probable cost of running Diesel motors, careful
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comparison for German conditions has been made by the Augs-
burg Machine Works. Being large builders of steam engines

themselves and having built and run now several different sizes of

Diesel motors, their figures may be relied on. In making the

comparison they allow io per cent, on the first cost of the ma-
chinery and 5 per cent, on the cost of buildings for interest and

depreciation. They find that a 30 horse-power single-cylinder

condensing steam engine consuming 26.5 pounds per effective

horse-power hour, costs 1.81 cents per hour. This includes in-

terest, wear and tear, supplies, fuel and labor. A single cylinder

Diesel motor, charged with the same items, will cost 1.08 to 1.30

cents per effective horse-power hour, according to local conditions

and kind of oil used.

A 50 horse-power tandem compound condensing steam en-

gine, requiring 20 pounds steam per horse-power hour, will cost

with the same items 1.44 cents per effective horse-power hour, and

a 2-cylinder Diesel motor plant to supplant it only 1.03 to 1.17

cents, according to locality and kind of oil.

In these figures the fuel cost is about 50 per cent, of the total

for the steam engine and 47 per cent, for the Diesel motor. It

must be remarked, however, that in this calculation the price of the

Diesel motor is arbitrarily fixed much higher than actual cost, in

order to bring it near the first cost of the steam engine with its

boiler plant. I find that in these figures the coal was taken at

about $6.00 per ton, and the petroleum at from 6.6 cents to

9.3 cents per gallon, i. c, the fuel cost is over three to four times

that of American conditions. As corroboration of these figures, I

have received, from an experienced engineer in Nurnberg, a

similar calculation comparing a 20 horse-power high-pressure

steam engine with a 20 horse-power Diesel motor running, re-

spectively, 2.35 cents and 1.79 cents per effective horse-power.

I am not at present prepared to give complete figures of com-

parison between a Diesel motor and various types of steam engines

in this country, for I have not yet sufficient data to bring into the

comparison the first cost of the plants. But so far as fuel cost is

concerned, I can give a comparison with tolerable accuracy, based

on local conditions, viz: Illinois coal, $1.10 per ton delivered, and

fuel oil at 2 cents per gallon delivered in tank cars or tank wagons.

In this I am taking average results on a 20 horse-power Diesel

motor. For larger sizes the mechanical efficiency of the motor

will be much increased, and hence with the same thermic efficiency

the commercial economy will be somewhat better than the present

actual figures on which I base the comparison. The cost of 100

actual horse-power per hour in fuel will be 30.3 cents for a plain
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slide-valve engine; 24.2 cents for the plain Corliss engine; 12.43

for the triple expansion engine, and 15 cents for the Diesel motor.

As no one is likely to build a triple expansion engine for 100 horse-

power, we must consider this as a proportionate amount based on

the performance of a triple expansion of say 1000 horse-power. It

would be fair, therefore, to add to these figures, for fuel, about one-

half the hourly cost of the fireman in the case of the small engines,

and one-quarter in the case of the triple engine. In this way the

total would stand respectively per 100 actual horse-power per hour,

40.3 cents for the slide valve, 34.2 cents for the Corliss, and 17.43

for the triple expansion engine, as against 15 cents for the Diesel

motor.

For the better grades of Eastern coal, at an average price of

$2.80 per ton, and remembering that only .7 as much coal will

be used, we would have, respectively, 54.5 cents for the slide valve,

43.5 for the Corliss, and 22.4 for the triple expansion, as against

15 cents for the Diesel motor. And if we make the same allowance

for the proportion of firemen's wages, the figures will stand 64.5

cents for the slide valve, 53.5 for the Corliss, 27.4 cents for triple

expansion, and 15 cents for the Diesel motor. Of course, to these

figures the interest on investment and wear and tear should be

added. They will, however, make the comparison more favorable

for the Diesel motor, for the first cost will be a great deal less than

that of the steam engine, with boilers, furnaces, smokestacks, pipe

work and boiler house. Hence the interest account will be lower;

so far as wear and tear are concerned that will certainly be greater

for the steam engine when we consider the grate and furnace

repairs of the boilers and the occasional renewals of iron smoke-

stacks. I prefer, however, to merely mention these items, confi-

dent that a few years' experience with Diesel motors will give us

even better figures than it would be fair now to anticipate.

I am confident therefore that the Diesel engine will in the

course of time gradually supplant the steam engine. Its builders

will, of course, make use of the vast amount of valuable experience,

experiments and scientific investigation represented in concrete

form by the best steam engines of to-day. Diesel motors will be

built best by those who to-day build the best steam engines, and

it is certainly in the interest of the owners of the Diesel patents that

only first-class Diesel motors shall be built.

The original owners of the Diesel patents, viz: Messrs. Ru-
dolph Diesel, the Augsburg Machine Works, and Friedrich Krupp,

fully appreciated this and determined to bring the best constructive

talent, the best workmanship, and the best manufacturing facilities

to bear on the rapid and complete development of this new motor.
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They therefore inaugurated in the beginning a broad and liberal

policy of reciprocity. They agree to a prompt and complete dis-

tribution to all licensed builders of every fact, experience and ex-

perimental result, all drawings in every detail and all improvements

that may emanate from any one shop, to all the others.

At present there are seven large shops licensed in Germany,
one each in France, Belgium and Switzerland; two in Denmark,
and one in England, so that each one of these gets data from

twelve others. The immense value to each firm in thus getting

the results of all experimental work from the others without the

cost in time and money of making them for itself, will be appre-

ciated by every engineer who has ever had to develop any new
industry or machine. Imagine the great amount of money that

would have been saved to this country if the Corliss patents could

have been in the beginning thus made accessible to all first-class

engine works, instead of compelling them to try to compete against

these superior devices with all that array of balanced slide valves,

piston valves, and the numberless jimcracks which promptly found

their way to the scrap pile as soon as the Corliss master patent

became public property. Of the 13 European licensees, 8 are well

known steam engine works, 3 gas and oil engine works, and 2

entirely new companies. One of these works is making a cash

investment of $600,000, and another one of $300,000 in shops and

machinery to build Diesel motors exclusively. Many other engine

works, whose names it would not be proper to mention until the

contracts are closed, are now negotiating for licenses in Europe.

These facts answer the question as to whether the Diesel

motor will in due time supplant the steam engine. Certainly our

European colleagues believe that it will. In America, of course,

the conditions are different. Our fuel is much cheaper and more

abundant, and we are less inclined to economize in that item. But

our labor is much higher, and, as the labor account shows a large

balance in favor of the Diesel motor, I see no reason why, with

natural development of type after type, the Diesel motor will not

obtain the lion's share of the work now done by the steam engine.
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Articles of Association.

The following Articles of Association were adopted at a meeting held

in Chicago, December 4, 1880. At this meeting there were present repre-

sentatives of the

Western Society of Engineers,

Civil Engineers' Club of Cleveland,

Engineers' Club of St. Louis,

and the

Boston Society of Civil Engineers

was represented by letter.

For the purpose of securing the benefits of closer union and
the advancement of mutual interests, the engineering societies and
clubs hereunto subscribing, have agreed to the following

ARTICLES OF ASSOCIATION.

ARTICLE I.

NAME AND OBJECT.

The name of this Association shall be "The Association of Engi-

neering Societies." Its primary object shall be to secure a joint publica-

tion of the papers and the transactions of the participating Societies.

ARTICLE II.

ORGANIZATION.

Section i. The affairs of the Association shall be conducted by a

Board of Managers under such rules and by-laws as they may determine,

subject to the specific conditions of these articles. The Board shall consist

of one representative from each Society of one hundred members or less,

with one additional representative for each additional one hundred mem-
bers, or fraction thereof over fifty. The members of the Board shall be ap-

pointed as each Society shall decide, and shall hold office until their suc-

cessors are chosen.

Sec. 2. The officers of the Board shall be a Chairman and Secretary,

the latter of whom may or may not be himself a member of the Board.

ARTICLE III.

duties of officers.

Section i. The Chairman, in addition to his ordinary duties, shall

countersign all bills and vouchers before payment and present an annual

report of the transactions of the Board; which report, together with a
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synopsis of the other general transactions of the Board of interest to mem-
bers, shall be published in the Journal of the Association.

Sec. 2. The Secretary shall be the active business agent of the Board
and shall be appointed and removed at its pleasure. He shall receive a

compensation for his services to be fixed from time to time by a two-thirds

vote. He shall receive and take care of all manuscript copy and prepare it

for the press, and attend to the forwarding of proof-sheets and the proper

printing and mailing of the publications. He shall have power, with the ap-

proval of any one member of the Board, to return manuscript to the author

for correction if in bad condition, illegible, or otherwise conspicuously de-

ficient or unfit for publication. He shall certify to the correctness of all

bills before transmitting them to the chairman for counter-signature. He
shall receive all fees and moneys paid to the Association and hold the same

under such rules as the Board shall prescribe.

ARTICLE IV.

PUBLICATIONS.

Section i. Each Society shall decide for itself what papers and trans-

actions of its own it desires to have published and shall forward the same

to the Secretary.

Sec. 2. Each Society shall notify the Secretary of the minimum num-
ber of copies of the joint publications which it desires to receive, and shall

furnish a mailing-list for the same from time to time. Copies ordered by
any Society may be used as it shall see fit. Payments by each Society shall

in general be in proportion to the number of copies ordered, subject to such

modification of the same as the Board of Managers may decide, by a two-

thirds vote, to be more equitable. Assessments shall be quarterly in ad-

vance, or otherwise, as directed by the Board.

Sec. 3. The publications of the Association shall be open to public

subscription and sale, and advertisements of an appropriate character shall

be received, under regulations to be fixed by the Board.

Sec. 4. The Board shall have authority to print with the joint publica-

tions such abstracts and translations from scientific and professional jour-

nals and society transactions, as may be deemed of general interest and

value.

ARTICLE V.

CONDITIONS of participation.

Section i. Any Society of Engineers may become a member of this

Association by a majority vote of the Board of Managers, upon payment

to the Secretary of an entrance fee of fifty cents for each active member,

and certifying that these Articles of Association have been duly accepted

by it. Other technical organizations may be admitted by a two-thirds vote

of the Board, and payment and subscription as above.

Sec. 2. Any Society may withdraw from this Association at the end of

any fiscal year by giving three months' notice of such intention, and shall

then be entitled to its fair proportion of any surplus in the treasury, or be

responsible for its fair proportion of any deficit.

Sec. 3. Any Society may, at the pleasure of the Board, be excluded

from this Association for non-payment of dues after thirty days' notice

from the Secretary that such payment is due.
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ARTICLE VI.

AMENDMENTS.

These articles may be amended by a majority vote of the Board of

Managers, and subsequent approval by two-thirds of the participating

Societies.

ARTICLE VII.

TIME OF GOING INTO EFFECT.

These articles shall go into effect whenever they shall have been ratified

by three Societies, and members of the Board of Managers appointed. The
Board shall then proceed to organize, and the entrance fee of fifty cents per

member shall then become payable.

These articles were adopted by the several Societies upon the following

dates:

Engineers' Club of St. Louis, January 5, 1881.

Civil Engineers' Club of Cleveland, January 8, 1881.

Boston Society of Civil Engineers, January 19, 1881.

Western Society of Engineers, April 5, 1881.

The Board of Managers was organized at Cleveland, January 11, 1881.

The following Societies have since certified their acceptance of the

Articles, and have become members of the Association of Engineering So-

cieties:

Engineers' Club of Minneapolis, July. 1884.

Civil Engineers' Society of St. Paul, December, 1884.

Engineers' Club of Kansas City, January, 1887.

Montana Society of Civil Engineers, April, 1888.

Wisconsin Polytechnic Society, June, 1892.

Denver Society of Civil Engineers, January 24, 1895.

Association of Engineers of Virginia, February 1, 1895.

Technical Society of the Pacific Cosst, March I, 1895

Detroit Engineering Society, January, 1897.

Engineers' Society of Western New York, January, 1898.

The Wisconsin Polytechnic Society withdrew from the Association in

March, 1894.

The Western Society of Engineers withdrew in December, 1895.

The Engineers' Club of Kansas City disbanded at the close of 1896.

Annual Report of the Chairman of the Board of Managers.

Boston, December 31, 1897.

To the Members of the Board of Managers of the Association of Engineering

Societies

:

—
Gentlemen:—In compliance with the provisions of our Articles of

Association, I have the honor to submit the annual report of the Chairman
for the year 1897. The very full report of our Secretary, herewith trans-

mitted, shows the condition of the affairs of the Association so clearly as

to leave but very little for the Chairman to say.



108 ASSOCIATION OF ENGINEERING SOCIETIES.

The Association is certainly to be congratulated upon the present state

of its finances. For the first time in its existence, there is in its treasury a

working capital sufficient to meet any ordinary demand, and to enable all

bills to be paid promptly; and this condition has been brought about at the

same time that a substantial reduction has been made in the rate of the

annual assessment. The total assessment for the year 1897 was less than

that for any previous year since the organization of the Association, and I

can see no reason why for the coming year it should not be still further

reduced.

If the members of the several Societies will interest themselves in the

matter of securing advertisements for the Journal, either personally or

through a committee appointed for the purpose, I am confident that the

annual assessment can be made less than $2.00 per member, and this with-

out impairing in any way the present excellent condition of our publication.

During the past year but $417.50 have been received from advertisements,

as against $858.00 in 1896. This is a very serious falling off, and I would

urge upon each member of the board the importance of bringing the

subject before the Society which he represents. The officers and members
of the several Societies are in position to judge as to the lines of business

in their immediate vicinity which would be benefited by advertising in 0111

Journal, and there is no better way in which a member can aid his Society

pecuniarily than by procuring a liberal amount of advertising matter for

the Journal, and by this means reduce the assessment which his Society

pays to the Association.

In addition to the election of officers, the only business which the

board has been called upon to transact during the year has been in connec-

tion with the issuing of five extra copies of the Journal to each member
of the board. In November last you voted to discontinue this practice ind

adopted the following rule: The Secretary is authorized to send gratis

to any Society in the Association as many copies of each issue of the

Journal as it shall notify him it desires, not exceeding five (5) copies for

each representative it has on the Board of Managers.

I desire to congratulate the members of the Association upon having

secured for another term the services of our efficient Secretary, Mr. John C.

Trautwine, Jr. To him the Association is very largely indebted for the

very satisfactory condition in which we find our affairs at the close of the

present year, and to his able management during the past four years

belongs the credit for the present prosperity of our Journal. The small

salary which we have been able to pay him is but a very slight compensa-
tion for his labors in our behalf. And I desire again to express my sincere

appreciation of his valuable services and my grateful acknowledgment for

his assistance during my term as Chairman of the Board.

In closing my last report as your Chairman, I wish to thank the

members of the Board for the honor which they have conferred upon me,
and to assure them that I shall continue to labor for the welfare of the

Association and do all in my power to further its interests.

Respectfully submitted,

S. E. Tinkham, Chairman.
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Animal Report of the Secretary of the Board of Managers.

Philadelphia, December 31, 1897.

Mr. S. E. Tinkham, Chairman,

60 City Hall, Boston, Mass.

Dear Sir:—I have the honor to present the following report upon the

operations of the Secretary's office during the year 1897, and of the condi-

tion of the Association at the present time.

These data are concisely stated in the following statistical appendices:

A. Statement of receipts and expenditures during 1897.

B. Estimate of assets and liabilities at the close of 1897.

C. Detailed statement of cost of Journal during 1897.

D. Comparison of mailing lists of the Journal, at the close of 1896

and of 1897, respectively.

E. Statement of material in Journal during 1897, by pages.

F. Comparison between operations and conditions during 1896 and

1897.

From Appendix F we learn, in the first place, the gratifying fact that

the excess ($2562.04) of assets over liabilities, at the close of 1897, is more
than double that at the close of 1896, and this in spite of the fact that the

fourth quarterly assessment for 1897 was made 25 cents per member, instead

of 75 cents as heretofore, making the annual assessment $2.50, instead of

$3.00, per member. It is hoped that the current year's transactions will per-

mit the continuance of the lower figure, if not a further reduction.

The assets and liabilities, during several recent years, have compared

as follows:

Excess of Excess of

Liabilities Assets over
over Assets. Liabilities.

1894 $758 91

1895 $223 93

1896 1,24494

1897 2,562 04

I quote, as follows, from my report for 1896:

"It is much to be hoped that the Societies will take early and efficient

action in the matter of securing from their members advertisements for the

Journal. The present rule of the Association is to allow the Societies 50

per cent, of the cost of advertisements.

"Apart from the business advantages of the advertisement, the Societies

can thus secure what amounts practically to a material reduction in their

assessments, and those of their members who are in position to profit by
such advertising can, in this way, aid their respective Societies at the same
time that they are forwarding their own business interests."

The accession of the Detroit Engineering Society, with 97 names at the

end of the year, and increases of membership in the Boston, Montana and
other Societies, have brought the number of names on the mailing lists of

the Societies from 1106 to 1252, showing a gain of 146 names.

The average cost per page of publishing the Journal during 1897 was
but $3.24, as against $4.59 in 1896. Much of the reduction is due to the use

of the linotype machine for composition. In spite of a large increase in the

volume of matter printed, the total cost of the year's publication was re-
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duced nearly $800. The increase in the number of pages printed, from 856

to 968, and a decrease of $267.54 in the cost of illustrations, have also con-

tributed to a reduction in the cost per page.

The number of pr.ges published, and the average cost per page, during

several recent years, have been as follows:

No. of Pages. Average Cost per Page.

1894 1290 $4 48

1895 1482 3 99

1896 856 4 59

1897 968 3 24

APPENDIX A.

Statement of Receipts and Expenditures During 1897.

CASH, 1897.

Dr.

To Balance, January 1, 1897 $1,119 34
" Assessments:

Boston Society of Civil Engineers $1,130 75

Civil Engineers' Club of Cleveland.... 433 25

Engineers' Club of St. Louis 427 50

Civil Engineers' Society of St. Paul 90 00

Engineers' Club of Minneapolis 30 00

Civil Engineers' Club of Kansas City.. 54 01

Montana Society of Engineers 160 50

Denver Society of Civil Engineers 76 50

Association of Engineers of Virginia.. 161 25

Technical Society of the Pacific Coast. 566 75

Detroit Engineering Society 227 75

3,358 26
' Initiation fee, Detroit Engineering Society. 41 50
" Subscriptions 52034
" Sales of Journals 12927

' Descriptive Index 43 25
" Advertisements 417 50
" Sales of Reprints 1 12 00
" " " Periodicals 2985
" Advance copies of paper 10 00
" Letter-heads for Technical Society of Pa-

cific Coast 3 00

$5,784 31

Cr.

By Patterson & White (Printers) $1,935 08
' Edward Stern & Co., Incorporated (Printers) 610 46
" Illustrations 505 73
" Secretary's salary 600 00
' Car fares 3 00
" Mimeographing, etc 6 10

Discounts on subscriptions 22 50
" sales 537

1

advertisements 7 25
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By Messenger service

Stationery

Telegrams

Postage stamps

Express charges

Back numbers bought

Amount refunded

To correct error of Provident Life and Trust Co. . . .

Western Society of Engineers. Share of surplus at

close of 180=5

3 36

4 90

4 53

36 79

3 15

9 56

5 00

3 00

23 00

3,788 78

" Cash balance, December 31, 1897 $i,995 53

APPENDIX B.

Estimate of Assets and Liabilities at the Close of 1897.

available assets.

Cash balance, December 31, 1897 $i,995 53

Less subscriptions for 1898, paid during 1897 50 25

$1,945 28

Amounts receivable from Societies (for assessments, etc.):

Civil Engineers' Club of Cleveland $51 25

Engineers' Club of Minneapolis 3 50

Montana Society of Engineers 198 05

Technical Society of the Pacific Coast. 42 00

Detroit Engineering Society 1 50
$296 30

Subscriptions due:

For 1897 154 00
" 1896 60 00

1895 and earlier 57 00
271 00

For Reprints 125 28
'' Advertisements 208 33

Sales of Journals 7 00
" Index 8 00

Copyright fee 1 00

916 91

$2,862 19
LIABILITIES.

Patterson & White (Printers)

:

For December Journal $229 90

Reprints 12 55

$242 45

Levytype Co 22 80

Boston Society of Civil Engineers 1 85

Engineers' Club of St. Louis 6 25

Denver Society of Civil Engineers 13 00

S. E. Tinkham, expenses as Chairman 13 80

300 15

Excess of Assets over Liabilities $2,562 04
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APPENDIX D.

Comparison of the mailing lists of the Journal, at the close of 1896 and

of 1897, respectively:

In-

Boston Society of Civil Engineers 431

Civil Engineers' Club of Cleveland 175

Engineers' Club of St. Louis 167

Civil Engineers' Society of St. Paul 35

Engineers' Club of Minneapolis 12

Montana Society of Civil Engineers 67

Technical Society of the Pacific Coast 149

Denver Society of Civil Engineers 28

Association of Engineers of Virginia 42

Detroit Engineering Society

1 106

[897. crease.

470 39

148

174 7

36 1

15 3

97 30

149

26

40

97 97

De-
crease.

27

1252 177

2

2

31

Extra copies to members of the Board of

Managers, five each 80 80

Advertisers 2^ 19 .. 4

Exchanges 108 102 .

.

6

Subscribers 241 233 . . 8

Complimentary copies 14 14

Besides this, many copies have been sold and specimens copies sent

out; and authors of papers have each received five copies of the Journals
containing them. Two thousand copies of each number have been printed.

APPENDIX E.

Statement of material in Journal during 1897, by pages.

January
February...
March........

April
May
June
July
August
September.,
October
November..
December..

Papers.
Pro-
ceed-
ings.

Chair-
man's
Report,

Adver-
tise-

ments.

Indexes
to Vols.

Totals.

128

96 1

124 11

74
SB
66 25

3« 5
88 3
62

50 2

116 3

Cuts.
Plates and full-

page cuts.

Totals 63S 112 10 192 16 968 57

Covers 48

Total 1016

APPENDIX F.

Comparison between operations and conditions during 189)

1896.

Excess of assets over liabilities, December 31 $1,244 94
Number of Societies in Association, December 31. . . 9

' names on mailing lists of Societies in

Association 1,106

and 1897:

1897.

$2,562 04

10

1,252
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1896. 1897.

Number of subscribers 241 233

Annual receipts from subscribers, at $3.00 $723 00 $699 00

Number of advertisers 20 19

Annual receipts from advertisers $858 00 $417 SO

Total pages in Journal 856 968

of papers 490 638
" cost of Journal $3,928 42 $3,140 43

Cost per page $4 59 $3 24

Average number of copies issued monthly 2,042 1,796

Number of small cuts 62 57
" plates and full-page cuts 56 45

Cost of illustrations $771 39 $503 85
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This Association is not responsible for the subject-matter contributed by any Society or

for the statements or opinions of members of the Societies.

THE HOLDING POWER OF NAILS IX DOUGLAS SPRUCE
(Oregon Pine) AXD IX REDWOOD (Sequoia Sempervtrens).

By Professor Frank Soule, Member Technical Society of the
Pacific Coast.

[Read before the Society, December 3, 1897.*]

In each year in the United States alone from six to eight

million dollars' worth of nails are used in the various branches of

construction. A knowledge of the holding power of such nails as

are ordinarily used in carpentry and in the arts generally, seems to

be of practical value. I have desired particularly to obtain such

numerical data in the cases of Douglas spruce and redwood, each

of which timbers is very extensively used in building and construc-

tion on the Pacific coast. To this end we have made a set of tests

in the laboratory of the Department of Civil Engineering in the

University of California, at Berkeley. The numerical data thus

obtained must be regarded, however, as relative and comparative

rather than as absolute, and as giving working rather than theoreti-

cal results, for the reason that the number of tests has been limited

by the time at our disposal, and that the results must necessarily be

influenced by the kind and quality of timber used in the tests, the

closeness of its fibers, its degree of seasoning, by the mode of

driving and of drawing nails, the length of time these have re-

mained in the wood, etc. Even with the same piece of timber and

the same kind of nails and method of driving, it is found that only

by chance are identical results obtained. The tests were made with

the following purposes in mind—to ascertain

:

*Manuscript received February 10, 1898.—Secretary, Ass'n of Eng. Socs.

10
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i. The relative merits of cut and of wire nails.

2. The merits of different surfaces on the nails.

3. The best shape of nails, as to points, etc.

4. The relative holding powers of these nails in Douglas

spruce and in redwood.

5. The best relation between the length of nail and the thick-

ness of the board nailed by it.

6. The effect of time upon the holding power of nails in the

cases of the kinds of timber above named.

The resistance to drawing which is offered by a nail is due to

the friction against. its surface offered by the long, tubular fibers

composing the wood. These fibers vary in different kinds of

wood, in size, hardness, stiffness, distance apart and adhesion one

to another laterally. They act differently upon cut nails and upon

wire nails; and upon this difference of action largely depends the

variation in their holding power. A pointed wire nail, for example,

when being driven forces its point between the fibers and presses

Fiff.l

them apart; and therefore the longitudinal as well as the transverse

elasticity of the wood presses the fibers against the nail, unless the

wood be badly split. (A simple illustration is given in the case of

a wire nail being driven into the flat side of an ordinary broom.}

This lateral pressure, caused by the wedging of the nail among the

fibers, is the principal means of keeping this nail in place, and it is

easy to see that the pressure is exerted almost entirely upon the two

sides parallel to the grain of the wood. (See Fig. 1.)

In the case of a cut nail, however, as usually driven, this

wedging does not take place, but the cutting edges of the nail

shear off the fibers, or bend them down at a large angle as they

meet them along the path in which the nail is driven. Then, if the

two sides of the nail that are perpendicular to the grain are wedged,

as generally they are in case of cut nails, the further down the nail

is driven the more these fibers are pressed backwards; and there-

fore when stress is applied to withdraw the nail from the wood the

more these fibers act like barbs and offer strong resistance to with-

drawal. (See Fig. 2).
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This supposition as to the action of the nails and fibers has

been amply borne out by experiments made to test the assertion.

The experiments showed that by far the greater portion of the re-

sistance to withdrawal in the case of cut nails was due to the action

of the ends of the fibers upon the adjacent surfaces of the nails, and

not to the friction of the fibers against the other sides. For ex-

ample, in a certain case a cut nail driven in the usual manner (Fig.

3, a) required a force of 630 pounds to withdraw it.

The same kind of nail driven between two holes, so that only

the ends of the fibers came in contact with it (Fig. 3, b), required

300 pounds; but when driven between two holes, so that only the

sides of the fibers pressed against the nail (Fig. 3, c), it offered only

Fig. 2

50 pounds resistance. The sum of the last two resistances did not,

of course, equal the first, because in that case there was a combined

mutual assistance offered by the fibers which was not given in the

second and third instances; but enough was shown to make it

evident that the principal resistance to withdrawal comes from the

ends of the fibers.

If a cut nail be driven with its wedge parallel to the fibers its

holding power is increased, for the nail is held both by the ends of

the fibers on two sides and by the friction of the fibers themselves

upon the rough wedge faces of the other two sides of the cut nail.

In other words, the nail thus driven is held both by the resistance

characteristic of the cut nail and that of the wire nail.

Of course driving a cut nail with its wedge parallel to the

fibers of the wood is much more likely to split the timber than
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driving in the ordinary way. Hence that manner of driving is not

often adopted.

The cut nail and the wire nail were compared size for size.

What is known as the "cement nail" was also tested. This is an

ordinary wire nail, dipped into a liquid cement which adheres to

its surface. The agents claim that the heat developed in driving

this nail melts the cement, which then permeates the fibers of the

wood adjacent to it, and upon cooling hardens again and causes

strong adhesion between the nail and the fibers, and in that way
considerably increases the nail's holding strength. The cost of

each kind of wire nail was the same. These nails were driven into

Douglas spruce (Oregon pine) and Sequoia Sempervirens (Cali-

fornia redwood), respectively. The nails were pulled from the tim-

ber by means of our Olsen Testing Machine.

The pulling clamps were caused to move with a small and con-

stant velocity, the force exerted being registered upon the balance

+

-^

m m
H'ig. 5.

arm of the testing machine. The addition to the machine specially

designed to make these tests was arranged as follows: A two-inch

plank was strongly bolted to the top of the movable head of the

Olsen machine. To this plank were fastened down by two screw

bolts at each end, whose heads were counter-sunk in the plank,

the pieces of timber into which the nails were to be driven. Each

stick was held down at its ends by an iron strap above it, clamped

by nuts running on the screw thread of the bolts.

The jaws gripping the nails to be drawn were made of a piece

of inch strap iron, bent over into a long horseshoe form, the two

ends being turned at right angles and notched to receive and hold

the head of a nail. A small thumbscrew ran through the jaws and

regulated the size of the opening for the nail head. This grip was

fastened to the fixed head of the testing machine by means of an

iron strap. (See Fig. 4). We are indebted to Mr. L. E. Hunt,

instructor in civil engineering, who is in immediate charge of the

laboratory, for this arrangement of the apparatus. When a nail

had been driven into the timber the jaws were clamped upon it,
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the machine was set in motion, the movable head, carrying the

bolted timber, and the nail driven into it, was slowly pulled down-
ward, and the jaws, fastened to the fixed head, withdrew the nail,

its stress being registered at the same time on the balance arm of

the testing machine. Each nail was pulled out separately in the

direction opposite to its driving; and in each case at the same

speed. Some cut nails were driven wedgewise, and some cross-

wise of the grain of the wood. Others were driven into the ends of

the timber parallel with the fibers. Some nails were sharpened at

their ends and others were cut off squarely.

The number of nails used in each case was large enough to

furnish a reliable average result, being greater whenever there was

considerable variation in the conditions of the case.

Tests were also made as to the relative merits of different kinds

of nails subjected to a shearing stress.

Blocks of wood of different thicknesses were nailed together

with different kinds and sizes of nails, and stress was applied to

the upper block by means of the movable head of the Olsen ma-

chine, just as in the case of simple compression tests. (See Fig. 5.)

CONCLUSIONS FORMED FROM A CONSIDERATION OF THE RESULTS

OF THE TESTS.

1. Cut nails for the same area hold better than wire nails.

2. The holding strength increases with the length of the nail,

but not according to any simple law.

3. The pointing of the wire nail adds about one hundred per

cent, to its efficiency. If slightly more pointed than they are made
at present, the holding power would be increased.

4. Pointing the cut nail adds 33 per cent, to its efficiency, but

it increases the tendency to split the wood. To avoid splitting, the

taper side only of the cut nail might be wedged. If wedged on all

four sides, it holds best.

5. Cut nails driven with wedge across the grain are only about

80 per cent, as strong as those driven with the wedge parallel to

the grain. This fact does not accord with practice in driving,

probably on account of the greater tendency to split the wood.

6. A nail is three times as strong when driven into the side of

a beam—that is, across the grain—as it is driven into the end of

it; that is, parallel to the grain.

7. The holding power of nails increases with time in case of

redwood. It is asserted by some that the tannic acid rusts the nail

and thus increases its holding power. It is probable that this effect

would be extended over a few months only, after which the further
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rusting of the nail would weaken it. The effect of time in case of

cement nails does not seem to be great, and is only slightly greater

in case of wire nails, but is very considerable for cut nails.

8. The tests show that all these nails lose holding power with

time when driven into Douglas spruce. This probably may be ac-

counted for by the small lateral adhesion of the fibers in this wood
and their gradual yielding to the wedge action of the nail. In

other words, they pinch the nail less and less with time, but it seems

unlikely that this diminution would continue indefinitely.

9. In redwood a cut nail holds slightly better than a wire nail.

10. In Douglas spruce the cement nails are 1.3 times stronger

than the wire nails.

11. A cement nail is slightly stronger than a wire nail when
driven into redwood, but the difference in strength is small.

12. Under shearing stress cut nails are 1.4 times stronger than

wire nails. There seems to be no difference in the resistance of

the nails to shear in using blocks of Douglas spruce or of redwood.

13. When nailing cleats to a block the same area of nail in the

wood will hold about the same stress, whether a few large nails are

used, or more small ones. The superiority, if any, is in favor of the

larger nail.

14. The cut nail holds 1.33 better in Douglas spruce than in

redwood; the wire nail about the same in each, with a slight supe-

riority in favor of redwood.

15. The holding power of a nail is not directly proportional to

its surface in contact with the wood. In determining the relative

holding powers, the stress per unit area has been employed, but as

far as possible nails have been taken as nearly alike as practicable,

so as to eliminate the error introduced by this method.

16. In drawing a *nail, the pull seems to reach a maximum
shortly after the nail starts.

17. In case of a wire nail, the applied stress increases grad-

ually; of a cut nail by jerks and starts. The decrease of holding in

wire nails after reaching the maximum is gradual, while in cut nails

it falls off suddenly. Hence, a cut nail is not as efficient in holding

together pieces of timber subject to vibration as is the wire nail, for

the former is more easily loosened, and, being partly withdrawn,

loses much of its strength. This results from the fact that the

major portion of the resistance comes from the wedge sides of the

nail.

18. Cut nails are more likely to split Douglas spruce, and

wire nails to split redwood.

19. In shearing a cleat from a block to which it is nailed, a
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maximum resistance is obtained for a cleat the thickness of which
is f of the length of the nail used. This agrees closely with the

practice of using a nail about 2.\ times the thickness of the thinner

piece nailed.

20. A slight roughness on the surfaces of a nail is of advan-

tage.

21. The cut nail is more efficient when driven into Douglas
spruce, but the wire nail is more so in redwood. This fact bears

out the theory as to the manner in which a wire nail holds. The
lateral pressure of the redwood fibers is greater than that of the

fibers of Douglas spruce, on account of the closeness of the grain of

the redwood, it having 39 annular rings to the inch, as against 14

for the spruce; and this holds true, notwithstanding that the red-

wood is softer than the spruce.

The general conclusion from our tests is that for most uses-

and under most conditions the cut nail is superior to the wire nail..

DISCUSSION.

President Molera.—Gentlemen, you have heard the ex-

cellent paper by Professor Soule. Such papers, based on origi-

nal research, are the kind we need to have presented before this

Society. We have architects and others present who have had a

great deal of experience in the use of nails of all kinds, and we shall

expect to hear from them.

Wire nails have been in use in Europe for a number of years,

but as far as I have observed they have not been used extensively

in this country until within the last four or five years. So now it

is quite an important question as to the relative strength and

holding power of wire nails and cut nails. I have heard a great

many carpenters talk upon this subject, some advocating the use of

wire nails, while others are equally confident that cut nails are the

best. These scientific tests will prove very useful. I hope all

those present who have any facts bearing upon this subject will

bring them forward, and that we shall have a thorough discussion

of this question.

Mr. Percy. It is pleasant to have what we think we have

learned by practice and observation confirmed by scientific re-

search. I must confess that when the use of the wire nail was

first introduced I took quite a fancy to it, being converted to the

idea that it was a better nail because the section of the wood where

it was driven through was less bruised as compared with a cut nail.

Take soft pine, for instance, and cut open the section where a cut

nail is driven in and expose the fiber, and it is very much torn and
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"bruised, while in the case of a wire nail the fiber is very little muti-

lated.

Three or four years ago I commenced to provide, in my speci-

fications, that wire nails should be used. I found that mecharics

generally favored them, or readily took to the idea. Everyth'ng

went along harmoniously, but occasionally I would meet with a

practical mechanic who argued that the wire nail was not as good
as the cut nail. Although perfectly willing to use it, he did not

helieve it was as good. This led me to watch results very carefully,

and I soon became convinced that the cut nail was better for ex-

posed places. I found, especially in places where boards were dis-

posed to warp and twist, owing to the condition of the weather,

that wire nails would draw very much more readily than cut nails.

In such climates as the San Joaquin Valley and up in Nevada I

found that wire nails would not answer the purpose at all; that

rustic nailed on to the side of a house would draw the nails out.

So, in such places as that, I went back to the use of cut nails, and

deliberately stipulated that wire nails should not be used. In

places where the weather is not a factor I think wire nails will last

as long as cut nails.

I was interested to learn that in redwood wire nails were quite

as good, if not better, than cut nails. I had never had my attention

called to the fact before this evening.

In Fig. 3, c there is represented a cut nail driven with the

wedge paralell to the fibers. It seems to me that is an unfair test,

as the holes are larger than the section, and therefore cut the fibers

off on each side of the nail, so that they have not a fair chance to

display their strength. Compare that with the case shown in Fig.

1, where the round nail pushes the fibers apart. Here the fibers

are holding like bowstrings on the nail. Fig. 3, c shows only 50

pounds resistance. The bowstring pressure is entirely absent.

In Fig. 3, b where the holes are the size of the nail, they have less

effect, and the fibers which they cut off are not those which act on

the nail.

President Molera.—Did you make tests of nails driven

diagonally to the fibers?

Professor Soule.—No, we did not.

President Molera.—As wire nails are circular in form and

can the more readily be driven in any direction as compared with

cut nails, I think it would be of some interest to make tests of nails

driven diagonally through the fibers.

Mr. Henny.—Was the head of the nail left projecting so that

it could be readily taken hold of by the machine?
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A.—It projected just enough for the clamp to take hold of it.

Q.—About how much?
A.-—About three-eighths of an inch in each case. An account

was taken of the length and the surface of the nail in the wood.
Q.—The probability is, then, that a cut nail, when driven fully

in, would hold more than the amount shown in the experiments?

A.—Yes.
Q.—As to the shear, in the experiments Oregon fir and red-

wood show the same resistance. Did the nails themselves shear

off between the faces of the samples tested, or did the wood give

way before the nail?

A.—The nails were little distorted, but not much, and then

they broke off between the two blocks. The nails cut into the

wood a little before they broke, but it was a shearing of the nail and

not any material cutting of the wood itself.

Q.—It seems that the harder wood shows about the same in

that respect as the softer wood. That certainly is a very inter-

esting fact.

A.—I do not remember positively, but I think that the nails

cut but very little more into the softer wood than into the hard

wood before the rupture occurred. I am not certain about that.

The nails cut into each block to a certain extent, so that the blocks

were a little loose, one on the other. At the time of the rupture

the nails did probably cut more into the soft than into the hard

wood. But, as far as the holding of the nails was concerned, it did

not seem to make any difference whether two pieces of Douglas

spruce were nailed together, or one block of redwood and one of

some other kind of wood were fastened together. Of course we
were not measuring the amount cut into the wood, but the amount

the nails would hold.

Mr. Grunsky.—Were any experiments made of the holding

power when a nail was driven radially through the wood, or tan-

gentially to the rings?

A.—No tests of that kind were made. The nails were driven

in parallel to the grain.

Mr. Storey.—I understand the experiments were made with

commercial nails, taken as they come, using nails of equal length

but not of equal superficial area?

A.—As far as possible we would drive a cut nail and a wire

nail to the same depth, and select them of the same size, so that

the cross-section of the cut nail and the wire nail would give about

the same area. We tried to equalize them by having about the

same amount of metal in each nail.
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Q.—Then you had special nails?

A.—Special sizes. We equalized them as far as we could, and

then we compared lengths and compared surfaces. As I say in my
paper, the resistance to the drawing was not strictly proportional to

the length or to the surface.
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MODERN GAS ENGINEERING.

By M. S. Greenough.

[An address delivered before the Civil Engineers' Club of Cleveland, Janu-
ary 12, 1898.*]

In order to make clear the various improvements which have

characterized the manufacture of gas during the present genera-

tion, I shall have to go a little into detail in describing to you the

methods by which gas is ordinarily manufactured in a first-class

modern gas plant. There have been no great revolutions in gas

making, so far as making gas from bituminous coal is concerned.

The same principles that are now used were discovered when gas

was first brought to the notice of the public, about one hundred

years ago. I think it was in 1798 when Murdock first lighted his

shops in Birmingham. It was, I think, in 1802 when Pall Mall

was first lighted with gas. In 1807 the first great gas company of

London applied for its charter, which was refused; and in 1812 it

obtained the charter under which it is working to-day.

At that time it was known that if bituminous coal be placed in

an iron vessel and heat applied externally, the product was a combi-

nation of gas and coal tar, which it was necessary first to cool, then

to wash, then to purify and then to measure, substantially on the

same principle as is done in ordinary coal gas works to-day. The
methods and principles are the same, but the details of the

apparatus are entirely changed.

I will now show you the plans of the principal parts of a

modern gas works, and indicate how they have been modified in

their workings during the past few years. (Exhibition of blue

prints.)

The Willson Avenue Gas Works in this city is a very good

example of modern coal gas works. The coal is brought in at the

side, being put into sheds, and then taken by a hydraulic system on

hydraulic elevators and deposited on the floor, where it is put into

retorts and made into gas. Thence the gas passes to an exhauster,

then to a condenser, a purifier and a meter; then to the gas holder

and to the governor house, from which it is sent out to the different

parts of the city. The method is substantially that adopted in all

modern works. It is only of comparatively recent date that it has

been thought advisable to take the gas, with pumps, direct from

the retorts. Formerly it was washed and condensed before pass-

*Manuscript received February 12, 1898.—Secretary, Ass'n of Eng. Socs.
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ing to the exhauster, but that practice has been generally aban-

doned.

The old theory was that the money was made in the retort

house, and to a large extent that is so, because nine-tenths of the

money is expended in the retort house. It is in the small details

of saving a cent here and a cent there that the company realizes its

profits.

The principal advance in gas making during the last twenty

years has been in the adaptation of the Siemens furnace to heating

retorts. Years ago Mr. Siemens himself used his furnace in heat-

ing the retorts of the Paris Gas Company, but it required so much
care to shift the valves back and forth that its use never grew to

any considerable extent; and it lay dormant until the Germans, that

scientific people, took up the question. After an immense amount

of experiment in Germany and in this country, there have been

evolved a considerable number of full depth regenerative furnaces.

In our works we use the Kloune Regenerative System. The
furnace is filled with coke raked in from the retorts. The coal is

raked into the furnace substantially two-thirds full, and the pro-

ducer gas, made of carbonic oxide and nitrogen, with a little

hydrogen passing out through the nostrils, is burnt in the

combustion chamber, where it is joined by the secondary air

supply, which, coming in at the side, passes up through the

flues and arrives in the combustion chamber at a very high

temperature. The primary air supply also is heated before it

comes in under the grate bars. The temperature in the combus-

tion chamber is so high that no sufficiently refractory material is to

be had in this country that will stand it, and we have to import a

material from Stettin. By this system about one-fourth of the

coke is saved, and this amounts to a very considerable sum of

money in the course of a year. Three to four bushels saved, to a

ton of coal carbonized, make the investment advisable. The
amount of coal carbonized in these retorts, on account of the

extreme heat, is much greater, and so the cost of labor is decreased.

And, as the retorts themselves are exposed to more equable heat

than in the ordinary setting, the material lasts longer than in the

ordinary retorts at a lower temperature.

The introduction of regenerative gas firing into modern coal

gas works has revolutionized the detail of the system of the retort

house. I will follow the gas as it leaves the retort for a moment,

and then come back to the question of handling material.

The gas itself, coming out of the retort, where it has been

exposed, during the latter part of the charge, to a temperature of
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probably 2200 ° F., goes into the the first piece of apparatus at the

temperature of not much over 130 ,
practically all of the heat hav-

ing been absorbed in gasifying the material out of which the gas is

made. The gas in the retort itself is a most delicate article. It is

in that part of the work that the utmost care has to be observed.

Originally retorts, made of iron, were tight, and, for a short time,

gave admirable results. But after a number of years it was found

that retorts made from clay would stand a higher heat and stand

it longer. These retorts, however, were porous, and it was impos-

sible to get the gas out of them, when subjected to the pressure of

the rest of the apparatus, without its going through the pores; and

the exhauster therefore had to be invented. This is a rotary

pump which relieves the retorts from pressure as carefully as

possible. The gas in the retort is on balance. If there is a pres-

sure on the retort the gas is pushed through the pores of the retort,

but if you have a vacuum on the retort air is pulled through the

pores and spoils the gas. Regulating the pressure on the retort

requires the utmost care. When the retort is opened for charging

a very simple device prevents the gas from going back into the

retort. On top of the bench stands a hydraulic main filled with

water. The pipe bringing the gas up from the retort comes over

and plunges down into the water. The gas comes off from the retort

and bubbles up through the water, and is taken away. But as

soon as the lid is taken off the retort the water makes a perfect

seal. In the hydraulic main there must be a vacuum, which will

counteract the seal and keep the pressure as even as possible, so

that there shall be no more pressure than can be avoided, and at the

same time no risk of drawing anything through. An automatic

device records the vacuum running to the exhauster. Also, dur-

ing every hour of the day, every length of the main at our works

is tested as to pressure, and this report is brought into the office,

showing that there has been neither an excess nor a deficiency of

pressure. It is just by care in very small matters like this that the

gas company succeeds in getting out of its coal all there is in it.

After the gas has been taken away from the retorts it is easy to

cool it. There are many ways, all equally efficient. The gas can

be cooled by passing it through a number of pipes, or passing it

through a hydraulic condenser, which will absorb heat more

readily, but which has its disadvantages. In either of these

methods much of the coal tar which has been produced is shaken

out. Then the gas is passed through washers where the ammonia
is taken up. In that process much of the other impurities comes

out, but the gas is still full of sulphuretted hydrogen and bisulphide
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of carbon. English coal is very full of sulphur, and, if it were not

treated for bisulphide, it is possible that some inconveniences might

arise from it. In some great works in Europe the gas goes

through three processes, and the active chemist is continually

occupied to see that the purifiers work properly. First it goes

through a check purifier of lime, which is kept going until a little

carbonic acid is found at the outlet of the purifier. It then passes

through a set of purifiers filled with foul lime until bisulphide of

carbon appears at the other end. It then passes through oxide of

iron and parts with the sulphide of hydrogen. No gas company

in this country passes its gas through more than one set of

purifiers. Our coal is less impure than the English coal, and our

gas manufacturers are less hampered by restrictions than are gas

manufacturers in England.

Purifiers require considerable study. Some of our modern
chemists claim that no living man actually knows what goes on

inside of these purifiers, but after a manager finds his purifiers

working right he generally pays no further attention to them. He
sympathizes with the old-fashioned gas manufacturer who said that

he didn't give a d—n about his oxygen or his hydrogen; give him
the coal, and he would cook the gas out of it. Most of us feel so

with regard to the purifier. As long as we get the sulphur out of

the coal, just what takes place inside of the purifier is a matter of

profound indifference. When, as a young man, I went into the

gas business there was hardly a bushel of oxide of iron used in this

country. At present scarcely anything but oxide of iron is used.

It is made from cast-iron borings, mixed with sawdust, and as

much of it as possible is placed in the purifier. Instead of putting

in thin layers, as formerly, the depth of oxide is now limited only

by the size of the purifier. I am just preparing to enlarge my
purifiers 50 per cent., and I propose to fill them up six feet deep.

The difficulty of handling the oxide afterward is to be considered.

If it has to be taken out every time and revivified, as used to be the

custom, the expense for labor is great. But if it can be revivified as

it stands in the box the case is entirely different. Some nine years

ago and ingenious young fellow in Massachusetts discovered that

there was no necessity for putting oxide out of the boxes; that a

vacuum on the bottom of the box would suck air down through it

and revivify it just where it was. It is true that attempting this

would probably set the oxide on fire two or three times, and might

cause considerable embarrassment. Still, after experiencing a

conflagration or two one learns how to handle them. The result
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is that the cost of gas purification has been cut in two. The
material is no longer taken out of the box unless it is caked.

Ordinarily, gas is purified by the center seal system; that is, by

a large iron circular box in the center of the house, which, when
the top was moved, changed the passage of the gas from one

purifier to another. There are always three boxes in operation,

and one of these is always off. The amount of gas which can be

purified in one of these boxes was pretty carefully calculated,

because it ought not to go through beyond a certain rapidity; and

the slower it went the better it combined with the oxide. Two or

three years ago that system was generally used, but by run-

ning a pipe along the wall and using two boxes together, instead

of three, with the same purifiers, we increase the capacity, as the

gas travels with half the rapidity and the work is really all done

by one box in either case. In this arrangement, which I think of

putting in this summer, we propose to put into the center of the

house an elevator which shall take the purifying material from the

cellar, when it shall have been dumped there from the boxes, and

lift it up to a revolving distributer from which any box can be

filled without handling. The covers also are lifted by a traveling

crane on an overhead system of rails, and the whole thing is

actuated by an engine. With a system of rapid rope transmission

it will, I think, make a rather novel purifying house, and more
complete than any I have recently seen.

After the gas leaves the purifier there is nothing to do but

measure the gas and put it into the holder. The large gas holder

which we have put up at the foot of Willson avenue holds nearly

1,800,000 feet. It is made with three sections, shutting up like a

telescope. There is nothing in which real engineering has done

more for gas manufacture than in the direction of gas holders.

Until a short time ago there were few gas companies in this country

with holders that held more than 450,000 feet. Now they are

making them to hold from 3,500,000 to 4,000,000, and putting them

up four lifts high, outside of their steel or masonry tanks. A few

years ago it occurred to Mr. Livesey, of the South Metropolitan

Gas Company of London, that there was no necessity for carrying

the columns so high. Mr. Livesey has probably done more for

gas engineering than any other man of his time. The ordinary

method of constructing gas holders is to put up steel columns,

against which the guide wheels rest, and which hold the gas

holder steady against the wind to the full height of the holder.

The strength of these columns or girders has been continuously

increased by the use of the best engineering methods. It occurred
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to Mr. Livesey, however, that if the vertical bars were sufficiently

strong, and the top and bottom curbs which go around a section

were sufficiently stiff, that section could not get out of place. He
constructed an enormous gas holder with two lifts rising, out

entirely above these columns, and sticking up in the air without any

support, except the stiffness of the curbs and of the vertical bars.

I cannot say personally that I am quite in favor of that system. I

think the risk is greater than the few thousand dollars saved, and

the satisfaction of saving them would not equal the annoyance one

would feel if the structure fell. But I think it is as clever a piece of

engineering work as anything that has been put into the gas

business.

When a gas engineer undertakes to save money, in running

a large gas works, he should do it in saving the retort house labor;

and for that purpose there have been many inventions in the course

of the last twenty years in this country and abroad. I will show

you, first, the system which, after considerable deliberation, we
adopted to some extent in our own works, and which is operated

by hydraulic power. Some machines, one of which we have in our

other works, are run on rails by steam, and carry their own boilers

with them as part of the machine. There are machines which are

run by compressed air, and do very well indeed. One run by

water was the invention of the corporation gas manager in Glas-

gow. It has met with considerable approval and success. We
concluded to erect a hydraulic plant, and distribute the water

through the retort house in various places where the machines can

be fastened to it. We have so far introduced machines only for

drawing the coal from the retort. It requires considerably more
overhead machinery to charge the coal. I also wished to test

thoroughly the simpler machines.

In Europe the coal is dumped from the track to a boot, and is

then lifted by an inclined elevator to the top of the retort house

and dumped into bins. Thence the coal runs into the hopper on a

traveling machine, and that machine, being brought opposite the

mouth-piece of the retort pushes the coal in. The coal runs into

the mouth-piece of the retort, and a hammer shoves it in by several

strokes, decreasing in extent as the retort is gradually filled. After

the coal has been through its proper course of distillation, it is

raked out by the leisurely working machines; and, as the water has

served its purpose of pressure, it runs out at one end of the cylinder

upon the hot coke, partially extinguishing it as it falls through into

the cellar. The use of this machine has decreased the cost of

manufacture, and has, to a certain extent, lessened the risk of labor
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strikes. In order to carry that still further, I have under considera-

tion a plan which I have not yet put in operation, though part of it

I propose to try this year. It is proposed to take the coke, as it

drops into the cellar, and carry it out on an endless collection of

overlapping trays passing around wheels, then empty it into a

second inclined series of trays and carry it into a coke bin which

stands over the railroad track. On the top of this bin would be an

agitator, which, instead of breaking the coke, would shake it and

deposit it automatically in bins for different sizes which would be

standing above the track; and what coke could not be stored in

these bins would be dropped by tripping one of these carriers.

Afterward it could be taken by a scraper and carried through an

elevator, brought overhead and screened, and put into the bins as

desired. That system is in use in one city in this country, and is

working fairly well. It is a labor-saving device, and has some-

thing of a future before it.

Some say, "What is the use of this system? Let us build our

retorts on the slant and save the labor of drawing and charging."

That was the invention of a Frenchman, who thought that if he

put his retorts on a proper slant he could run his coal in from the

top and it would spread itself evenly through the length of the

retort; and that when he wanted to take out the coke he could

open the lower door and stir it with a poker and it would come out

itself. The scheme has worked pretty well, and there is a very

considerable feeling at the present time in England and France,

and it is spreading in this country, that, after all, that may be the

way to build a retort. In England, instead of setting the retorts

back to back, as mine are, the stack is split in two in the middle,

and there are two sections. The coal is brought in overhead.

Then it is run from a bin into a small wagon holding a specified

amount, and that wagon is brought over the mouth-piece which

fits over the upper end of the retort. The retorts are built on just

the proper slant. That does away with nearly all the labor, as it

works by gravity. Many look upon this as a very marked step

forward in the manufacture of gas, but, as contrasted with the gas

work which does its drawing and charging of retorts by machinery,

the actual saving in money does not amount, I am told, to more

than half a cent to a thousand feet of gas; and it is impossible, as

yet, to say whether the loss in some other respect does not more

than balance the saving of labor. If a man can run an inclined

retort one might ask, "Why not use a vertical one?" The same

suggestion has occurred to many, and much money has been

spent in trying to make a vertical retort work. But. the difficulty
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is in getting the gas off through the coal without breaking up the

illuminating and oily vapors.

There is a great deal of money now going into coke ovens,

and a large establishment is now being erected in Boston with the

intention of selling a certain portion of the gas to the gas com-

panies for illuminating purposes. At present none of it is being

used for illuminating purposes except in a small town in Germany,

and that gas is of very low grade. But these gentlemen claim that

the gas out of the first part of a charge can be used for illuminating

purposes, and that from the second part of the charge for fuel

purposes. The gas industry is waiting with some interest to see

whether the process is successful.

This is substantially all that is to be said on the subject of coal

gas. But if we look only at the improvements in the manufacture

of coal gas, and overlook the invention of water gas, we miss what

is being used by fully one-half of the people in this country. It

has been interesting to watch the development of the water gas

manufacture. It came altogether from the introduction of cheap

oils, and the attempt on the part of the oil people to find some

market for their product. The first place in this country in which

any effort was made to distribute gas made from oil was Saratoga,

and the second Detroit. Twenty years ago I went to Detroit and

found, with that pleasure which a man often finds in the failure of

a thing in which he is not interested, that this process was not a

success; that the oil was not being gasified, and that people seemed

to think that the oil gas question was knocked in the head,

especially as we heard that oil wells were giving out, and there was

going to be no large yield of petroleum.

But at last a man modified the process in such a way as to

make a merchantable gas. It was not a brilliant success at first,

but it worked sufficiently well to make a great many gas companies

unhappy all over this country; because as soon as men had a pro-

cess by which they could claim to make a better gas than the other

gas companies could make, they promptly applied to the city

councils for charters; and said they had the patents, and told h )w

the city was being robbed and "skinned," a statement which at

once met with the most enthusiastic reception on the part of the

citizens. In most of the large cities in this country charters w. re

granted to new companies, but this was bitterly regretted after-

ward, because the competition between the old and the new com-

panies was such that they soon had to come to some kind of terms,

and the result was that the companies combined with a double

capital; and the last state of that city was worse than the first.
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There seems to be a theory on the part of the public that gas

companies will fight vigorously for its benefit, but there is not a

single competing illuminating gas company in this country. As
water gas was being used at the time as a weapon in the hands of

the gentlemen who wished to get part of the business, it was looked

upon with considerable disfavor. They doubtless succeeded in

making a gas of brighter quality than coal gas, and one which

makes the company using it substantially free from labor strikes,

because the amount of labor used is small, its manufacture being

almost wholly a question of machinery; and I have never known of

a labor strike in a water gas plant.

The objection which was raised to water gas, and raised very

bitterly by the gas companies throughout the country at one time,

was the danger which follows its use, in that the large per cent,

of carbonic oxide which it contains was distinctly a menace to

public health; and the older and more conservative gas companies

labored under the impression that anything dangerous to public

health ought to be abated. While their facts were all right, their

conclusions were erroneous, because, so far as I can see, the public

does not much object to being poisoned by gas or run over by

electric cars, or shocked by electric wires, provided the man who
does not get run over and does not get shocked or smothered has

his gas or electricity a little cheaper. It was perhaps an error of

judgment on the part of the old gas companies that they allowed

themselves to have any scruples against the introduction of this

thing. Now that the matter is being brought up in England,

where they have begun to use this gas, there have been some

accidents; and the English public does not seem to feel inclined to

look at the matter just as the American public does. Those who
are introducing water gas there say that the American public does

not mind the risk, and that there is no reason to think it is more

dangerous than coal gas. But the English authorities have inter-

fered. It is very difficult, from a leak of coal gas, to keep enough

in the room to give a dangerous percentage; whereas one per cent,

carbonic oxide, breathed for an hour or two, is fatal. Gas escapes

so quickly from an ordinary room that unless there is a large

percentage there is little danger, and it is almost impossible to get

the dangerous percentage from coal gas, unless by putting a pipe

down one's throat and smothering one's self. 33ut if the gases are

mixed in the proportion of only half and half, the English authori-

ties think they will allow the use of water gas. It is so easy to

make, and insures one so well against strikes,- that its use has been

continually spreading; and I admit, although I was for many years
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strongly opposed to it, I have been so disturbed myself by labor

strikes and coal strikes in this country, and by the risks which come

to the coal gas company of finding itself without the means of

supplying the city, that I have prepared a series of plans for the

erection of a water gas plant of sufficient size to enable me to face

3. prolonged coal strike. I did it with considerable hesitation, but

I think it is not an unwise step to take.

In the manufacture of water gas a cupola, such as this, is filled

with any solid fuel. Soft coal does not answer well. The hard

coal or coke is put into the cupola, which is about 12 feet high,

and a blast is put under the material after it has been kindled till

the whole masses brought to a high state of incandescence. This

practically turns the generator into a producer, and the gas from

that producer passes over into a super-heater which is filled with

brick, and from that it passes again into a second super-heater,

which is also filled with brick all the way to the top; and there are

openings in both of them to introduce a secondary air supply.

The blast, or the producer gas which comes over, finishes its

combustion here, and brings all that brick to a bright red heat, the

final products of combustion passing out of the top and going

through the chimney. Then the cover is shut, and a jet of steam

is put on underneath the cupola, and, passing through the incan-

descent mass of coal or coke, it promptly becomes carbonic acid

and hydrogen. The carbonic acid, as. it goes through that mass,

becomes carbonic oxide to a very large extent. There is generally

only 5 or 6 per cent, of carbonic acid left in. As it comes out

through into the super-heaters it is met by a spray of either crude

oil or naphtha, and passes down through the first and up through

the second until the whole material is fixed into permanent gas.

Then it goes off to the purifier, which is treated exactly as in the

manufacture of ordinary coal gas. Very nearly one-half of the

gas made in this country is now made by one water gas process or

another. You can take your choice, but they all substantially

come back to the disintegration of steam by red-hot carbon, and

enriching it in some way with the products of petroleum.

At the time of our contract there was much talk about the

pressure at which gas should be distributed. One of the pro-

visions in the ordinance originally was that the pressure should be

between 13 and 15 lines; that is, between 1.3 and 1.5 inches.

I asked, "Does this mean that the pressure shall not exceed

these limits in any part of the city at any hour of the day

or night? If so, we cannot comply. We will do the best we can,

and our operations shall always be under the control of the
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Director of Public Works, who can control the pressure." The
matter was finally left in that shape. The aim of this company has

been to give the consumer, at his meter, a pressure of something

over an inch, to lay large mains in the streets and large service

pipes, and to keep the pressure as low as possible consistent with

giving a good, strong, steady flame. The flame should stand out.

In order to secure this, and to give the best service, I had prepared

for my own use a map of the city, showing the large lines of feed

pipes which exist throughout, and which have been added to from

time to time. In order to regulate the pressure, we have several

pressure gauges. We keep one at the office, one at the residence

of Mr. Hyde, on Kennard street, and one at Fairmount street,

besides those at the works. The pressure on the mains is regu-

lated by very accurately adjusted governors, and the taking off or

putting on of a weight changes the pressure on the whole line of

the main. As evening approaches the pressure is increased, and

as the consumption falls off the pressure is decreased.

Fig. i is a facsimile of a pressure sheet as it came into my
office January 8, 1898. The solid lines indicate actual gas pres-

sures, and the broken lines the pressure at the works required to

maintain them. My office is about fifty feet, in elevation, above

the governor. The gas rises in pressure ordinarily one-tenth inch

for every ten feet, so that the pressure at my office is bound to be

half of an inch greater than when it leaves the governor. If it

were 1.5 inches at my office, it would be one inch at the works if

there was no consumption. As the afternoon goes on the pres-

sure is increased till it rises from 1.2 inches up to about 1.5 inches,

and then gradually falls off again. During the night it is reduced

as low as we can get it and still have enough pressure on the street

lamps. The business in the resident end of the town is substan-

tially done by the 30-inch pipe. The 24-inch pipe on Willson

avenue is used comparatively little. To keep the lines even on this

sheet requires an adjustment every five minutes for an hour, and

then a readjustment for three hours before it gets down. These

sheets show the success which has attended the effort to keep the

service pressure constant, and the care which is necessary to do

this. The broken line shows the action of the governor, and the

solid line the result of it. It is only fair to the Cleveland Gas Com-
pany to say that I know of no company in this country that dis-

tributes its gas under so low a pressure as we are doing here, with

such regularity.

Fig. 2 shows the great difference of consumption at different

times in the day. The upper profile shows the total consumption
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per hour during the twenty-four hours. This profile was taken on

the day before Christmas, and all through the morning, from 9
o'clock to 3 o'clock in the afternoon, the city burned at the

rate of 110,000 feet of gas an hour. Between 4 and 5 p.m. the

consumption increased enormously, and between 5 and 6 p.m.

460,000 feet of gas per hour were being burned. At 7 o'clock,

as people began to go home from downtown, the consumption

gradually fell off. The lower profile shows approximately the

downtown consumption. The total output was four and a half

million feet of gas for the twenty-four hours ending 7 a.m. Decem-

ber 25.

The business has grown steadily, increasing constantly as the

price has decreased.

If any one had said fifteen years ago that he could make gas

for the price at which it is sold here to-day, he would have been

looked upon as crazy. In the history of this city there has never

been so much gas-pipe laid as during the past year, and I think

there is a sufficient future for the gas industry, and that we need

not fear being snuffed out by electricity or acetylene.

DISCUSSION.

Mr. W. R. Warner.—Will Mr. Greenough kindly tell us

something about gas meters? I think it would be interesting for

the gentlemen here to know what proportion of the meters used by

the gas company read too high, and what proportion read too low.

Mr. Greenough.—I always hesitate to speak on the subject

of meters, because everybody has a friend who has a meter that

does not register half as much as his does, although he burns twice

as much gas. Five years ago we instituted a series of systematic

tests of all the meters in the city, and this year we completed our

test. No meter comes into the company's office but what is re-

tested before it is allowed to go out, and a record is made of that

test. The result is that some meters have been tested more than

once, because every time a consumer changes his residence he

gives up his meter, and it is brought back into the office and reset

when a new consumer moves in. So that when we have tested

all our meters, now numbering more than 20,000, the number
tested was more than 25,000. The figures for last year are now
being made up. I have not seen them, but I think that, for the

year before, about 70 per cent, of the meters were correct. When
we say correct, we mean within two per cent, of exactness, one

way or the other, which is the Massachusetts standard. About 15

per cent, of these meters registered against the company—they
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were slow; about 7 per cent, registered against the consumers

—

they were fast, and the balance were out of order and had to be

taken to pieces. These figures are at the service of any one who
would like to see them.

Mr. E. P. Roberts.—About what is the limit of those reading

too high and too low which are included in that 15 per cent., for

instance?

Mr. Greenough.—I could not say that there was any limit

which was never surpassed, but meters very rarely exceed 10 per

cent, of error. A dry meter, such as is used almost universally in

this country, gets out of order either by something getting onto

the valves, which prevents their sliding tightly and allows the gas

to go by, in which case the register is against the company, or else

by the diaphragm getting dry, in which case it registers against the

consumer.

W. C. Parmley.—What is the serviceable life of a meter?

Mr. Greenough.—I think Mr. Beardslee charges off 10 per

cent, of the value every year, but a meter ought to last much longer

than that if it is in good condition. Many of these meters that are

brought in and tested are just as good as they ever were. They
seem to register just as accurately as the newer meters. A meter

ought to last twenty years, but its length of life depends somewhat
on the treatment it gets. The actual frame of a meter ought to

last a long time, although the diaphragm might need replacing and

fixing up a little.

R. L. Newman.—If it were possible, in a works burning prob-

ably 15 to 30 tons of coal a week, to draw further on the gas

works and let them distil the gas for them and set it under the

boiler, what would be the financial result to the corporation or

company doing this? It seems to me the gas company would be
in a better position to treat the gas than any one else. Some
twelve years ago there was a large forge which used the ordinary

coal gas from the town main, and when a large heat was on an

exhauster was used that exhausted the gas and put out all the

lights in that part of the town.

In a paper I once heard, the author said that the great objec-

tion to the use of water gas was its want of odor; that it was impos-

sible to discover a leak. I would like to know whether the speaker

knows any case where water gas alone was used, and whether it is

possible to give it such an odor as would make it easy to discover

a leak.

Mr. Greenough.—It would be impossible to answer in a

moment the question as to whether it would be economy to use
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gas from the mains under a boiler. The number of heat units in a

thousand feet of gas is not over 700,000, and a ton of coal gives

twenty-eight or twenty-nine millions, if I remember rightly. You
could not use coal gas under a boiler with economy unless you

could buy it for 5 or 10 cents. The economy of labor would

be less than the additional cost. According to my calculations of

last year, water gas would be worth about 3^ cents, and coal gas 5

cents; and the saving of labor might amount to 10 cents.

In some private establishments, where the actual cost of pro-

duction is no object, and where high temperature and even flame

are required, water gas is used. That use is attended with con-

siderable danger, as there is a large amount of carbonic oxide in it

and little smell. It is, however, being used with considerable

success in this country in the welding of tubes and in making of

saws, and it is used experimentally, in a comparatively small way
through the town, in Bridgeport. It is sold there at from 25 to 15

cents, but so far no large business has been developed, because it

costs too much for a large factory to use it, even at that price; and

the company is paid too little for it to make it profitable. The
distribution of artificial fuel gas I believe to be a dream. I do not

think it can ever be done economically for large uses. For tem-

porary use in a gas engine to run an elevator or something of that

kind, coal gas, even at the price charged in this city, is most satis-

factory, but under a boiler, never. Natural gas has about one

thousand heat units. It was tried, I think, in the water works at

Sandusky, but j\ cents was thought too high, and the experiment

was abandoned.

Mr. Roberts.—By way of confirmation of Mr. Newman's
remark, I may mention that I had occasion to put electric lights in

a gas plant, and it was found that the use of water gas was most

unprofitable.

Mr. Newman.—I have noticed recently that large forges use

gas in all their furnaces, manufacturing their own gas on the

premises. There must, therefore, be some economy in this.

Prof. C. F. Mabery.—When I was in Cambridge, twenty

years ago, the gas was from 15 to 16 candle-power, very

irregular and very uncertain in its delivery. The gas we get in

Cleveland is regular, is regularly 18 candle-power, as required,

and gets up very well in its heating capacity. Gas here

contains the full requirements of hydrogen, 35 to 40 per cent., and

carbonic oxide, making an altogether excellent heating as well as

illuminating gas. I think it is very much to be regretted that gas

cannot be delivered for fuel in the dwellings. We shall have to
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accept it as a fact that it never will be. If gas could be introduced

into households to do away with the bother and expense of coal, it

would be a great saving of labor and a great convenience in every

way. But the cost of gas must be very low before it can compete-

successfully with coal. We can use it occasionally, and it has a

very excellent heat capacity.

Mr. Greenough alluded to the uncertainty, in England, about

the introduction of water gas. That may depend, to a certain

extent, upon the hesitancy that people abroad have about any-

thing that is popular in the United States. Analyses have not

given precisely the same tests, and there seems to be some reluc-

tance about producing it. In Cleveland we have been very for-

tunate about water gas. In 1884 a company proposed to furnish

wrater gas at one-half the cost of ordinary illuminating gas, promis-

ing thereby to confer a great public boon. But the matter was

warded off, and we are able to maintain excellent gas without com-
petition.

Coal contains mostly compounds of carbon with hydrogen.

It would be interesting to know how the hydrogen is combined

with the carbon. When coal contains compounds of hydrogen

w7ith carbon, and nitrogen with hydrogen, destructive distillation

goes on, and we get useful bi-products. Bi-products are coal tar

and ammonia salts. Useful products are carbonic oxide, which

is formed by the air coming into the pores of the retorts, combining

with the carbon and hydrogen, which is the product of destructive

distillation.

On motion of Mr. W. R. Warner, a vote of thanks was ten-

dered to the speaker of the evening.
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HISTORY OF THE STONE ARCH.

By Prof. Malverd A. Howe, Member Engineers' Club of St. Louis.

[Read before the Club, December i, 1897.*]

The Century Dictionary defines the word "arch," in connec-

tion with architecture, as a "structure built of separate and inelastic

blocks, assembled in such a way as to retain their position when
the structure is supported extraneously only at its extremities."

According to this definition the arch must be very rare. In

fact, it is doubtful whether it exists, as, up to the present day,

physicists have been unable to find any inelastic substance from

which to cut blocks.

Professor Greene, in his text-book entitled "Trusses and

Arches," defined an arch as follows: "An arch may be considered

to be any structure which, under the action of vertical forces,

exerts horizontal or inclined forces against its supports or abut-

ments."

It is to be noted that the particular form of the structure is

not specified; and this is right, since, even in masonry structures

where the true arch is employed, we have many different forms.

The primitive form of the arch was probably used over door-

ways or entrances in the form of two slabs of stone strutted against

each other as the rafters in the modern roof. The earliest example

of this form, of which we have any definite information, is that over

the entrance to the great pyramid of Gizeh, constructed by Khufu
some time between 3124 and 4235 B.C. (A photograph indicates

that this is a true arch.)

Tuckerman, in his "Short History of Architecture," states that

some of the chambers in this pyramid are roofed with slabs of

stones inclined like rafters. The "Encyclopedia Britannica"

makes no mention of this, but states that the third pyramid con-

tains a chamber ceiled with a pointed arch, adding that this is not

a true arch, the stones being merely strutted against each other, as

over the entrance to the great pyramid, and that the underside is

cut to the form of a pointed arch. In a small sketch, the "Ency-

clopedia" gives a cross-section of the vaulted chamber where the

roof-stones are shown extending quite a distance into the masonry

back of the side walls. If such is actually the condition, the roof

is not a true arch, but an arched roof.

Crude arches of brick were found in the ruins of Thebes,

which were probably built as early as 2900 B.C.

*Manuscript received February 7, 1898.—Secretary, Ass'n of Eng. Socs.
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Beneath the palaces of Nimrod (about 19 miles below

Nineveh, on the left bank of the Tigris river), the ancient Calah,

founded 1300 B.C., sewers were found covered with pointed arches

of brick.

These arches, contrary to the usual form of to-day, were

inclined, and could have been constructed without the use of a

form for their support during construction.

The gates to an ancient city in Assyria, now represented by

the ruins of Khorsabad, were arched with semicircular voussoir

arches of stone, having spans of from 12 to 15 feet. These are

Fig. 1. Valley of Flemengos, Fayal, Azores.

supposed to date as early as the time of Sargon, who founded the

city about 722-705 B.C.

One of the most important of the ancient structures in con-

nection with the history of the stone arch is Campbell's tomb of

Gizeh, supposed to have been built 600 B.C. "It is an open

excavation, 53 feet 6 inches deep, 30 feet by 26 feet 3 inches on

plan, with niches, etc., leading out of it. This excavation is sup-

posed, from some indications left of a springing stone, to have been

covered by an arch. If so, this would be the oldest known stone

arch of a large size. In fact, it is difficult to imagine any other

way in which this large excavation could have been covered."
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Fig. 2. Cloaca Maxima, Rome, Italy.

Fig. 3. Bridge of Augustus, Rimini, Italy.
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But more interesting and important than this was the tomb,

built of good masonry, which was found in the center of "the

excavation." The roof was formed of three stones forming a true

arch, over which was a perfectly formed voussoired arch of four

distinct rings, the inner ring having a span of about 1 1 feet.

These arches were nearly, if not quite, semicircular.

At about this time the Romans commenced the use of the

voussoired arch, as witnessed by the outlet of the Cloaca Maxima,
supposed to have been built 615 B.C. (Fig. 2). The arch consists

of three concentric rings of voussoirs, the inner ring having a span

of about 14 feet.

* « m m
Fig. 4. Old Stone Bridge at Alcantara, Spain (105 a.d.)

All records in the form of ruins, tablets, etc., fail to indicate

that the true arch was employed in structures to any great extent

prior to the sixth century B.C. The arched form, however, was

quite common from earliest times, and ruins have been found in

all portions of the world.*

One of the best examples of the false arch exists in Greece.

It was built probably as early as 1000 B.C. This is the Treasury

of Atreus at Mycenae, which consists of two underground cham-

bers, one much larger than the other. The larger chamber is

*Quite recently a voussoired arch of mud brick was discovered at

Nippur (Fig. 26). The date of its construction is placed at about 4000 B.C.
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Fig. 5. St. Angelo, Rome, Italy.

Fig. 6. Bridge Alcantara. Toledo. Spain.
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circular, and is entered by a huge doorway at the end of a long

avenue.

The internal form is that of an immense lime kiln. The

masonry consists of horizontal projecting courses of stone, the"

inner projecting corners being cut off.

The arched form does not prove that the builder was familiar

with the true arch, but the manner in which the horizontal courses

are constructed clearly indicates that he had some idea of the true

arch, as either each stone is cut wedge-shape, like voussoirs in a

vertical arch, or the joints are tightly wedged with small stones.

Fig. 7. Brig o'Balgownie. Aberdeen, Scotland.

The internal diameter of the chamber at the base is 48 feet 6

inches, and the clear height 45 feet.

In Asia Minor tombs were found having arched roofs made

by corbelling out horizontal courses of stone until they met at the

top, and then cutting off the projecting edges underneath.

Lubke, in his "History of Architecture," states that these were

probably constructed as early as 700 B.C.

The arch was first used by the Romans for the construction of

stone bridges in the second century B.C., though stone was prob-

ably employed for this purpose much earlier. The early stone

bridges were constructed by building piers in the stream so close
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Fig. 8. Karlsbrucke over Moldau, Prague, Austria.

Fig. g. Vecciiio Bridge, Florence, Italy.
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together that the opening could be spanned by stone beams.

1 Fig. 1 shows this style of construction.)

The bridge over the Euphrates river at Babylon was probably

built in this manner.

There are a large number of examples of the true arch in

bridge construction in China, as well as the primitive form of

stone bridges without arches. The date at which these bridges

were constructed is unknown, but many believe that the Chinese

built the true arch long before it was known to the western world.

There is an account of a bridge over a river named Lafrranyi,

China, connecting two mountains. The bridge is said to be of

Fig. 10. Rialto, Venice, Italy.

one arch of stone, having a span of 600 feet and a height of 750
feet ("Edinburgh Encyclopedia"). The authority for tlus account

is not authentic, and, although a stone bridge of such magnitude

is not impossible from the engineer's point of view, it is yet im-

probable.

The old voussoired arch bridges of the Chinese are interesting

from a peculiarity of the arch ring. "Each stone from 5 to 10 feet

in length is cut so as to form the segment of the arch, and in such

cases there is no keystone; ribs of wood fitted to the convexity of

the arch are bolted through the stones by iron bars fixed into the

solid part of the bridge; sometimes they are without wood, and
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the curved stones are mortised into long transverse blocks of

stone."

The details of the more modern Chinese arches do not differ

essentially from those employed in other countries.

To the Romans we are indebted for the almost universal use

of the voussoired semicircular arch in bridge construction. From
the second century B.C. until the fourth century A.D. the

Romans built many magnificent stone arch bridges for roads and

Fig. ji. Fleisch-ukuc ke, Nuremburg.

aqueducts, the magnitude of which has not since been equalled.

It would take too much time to enumerate the many bridges in

Rome and in the conquered provinces which were constructed by

the Romans, and of which we have either authentic details or the

structure itself, so we will mention only a few of the most im-

portant structures.

In the city of Rcn:e and in the immediate vicinity were con-

structed aqueduct bridges containing immense amounts of
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masonry, and throughout these the voussoir arch was employed.

The following table gives, in the chronological order of their con-

struction, the number of miles of arches used in supporting

aqueducts. (Air. F. W. Blackford, in Journal of the Associa-

tion of Engineering Societies, December, 1896):

Total Length of

length in arches in

Xante. Date. miles. miles.

B. C.

Appia 312 11 Little

Anio Vetus 272-264 43
Marcia 145 61 12

Hercules bridge 3
Tepula 126 15 Little

Julia 34 15 6

Virgo 21 14 Little

A. D.
Alsientina 10 22 Little

Augusta 10 6

Claudia 50 46 10

Anio Novus 52 58 9
Xeronian bridge 97 2 2

Triana 109 42 Little

Hadriana 117 15 7

Sabina Augusta 130 15 Little

Aurelia 162 16 *7

Severiana 200 10 Unknown
Antoniana bridge 215 3 3

Alexandrina 226 15 t?

Totals 410 63
Remarks: * Restored 1585-1590.

t On arches of Hadrian.

From this it is seen that between 312 B.C. and 226 A.D.

sixty-three miles of arzh bridges were built.

Pont du Gard, near Nimes, France, was built by the Romans
during the reign of Augustus (27 B.C.-14 A.D.) under the direc-

tion of Agrippa. This is an aqueduct bridge composed of three

tiers of arches. The lower tier contains six arches. The maxi-

mum span is 80 feet 5 inches. Each arch is made up of four

separate rings, side by side, and not bonded together. The plat-

form of this tier is 20 feet 9 inches wide. The second tier con-

tains 12 arches of about the same span as those in the lower tier,

but has only three rings side by side, and is but 15 feet wide. The

upper tier contains thirty-six arches, each having a span of 15

feet 9 inches, and is 1 1 feet 9 inches wide on top. The aqueduct

channel is about 4 feet 9 inches deep and 4 feet wide. At the

beginning of the fifth century the ends were destroyed by bar-

barians. In 1743 the bridge was repaired, and the lower tier

widened to carry a highway. The maximum height of the bridge

above the river Gardon, which it crosses, is 160 feet.

Emperor Augustus constructed a beautiful stone bridge over
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the river Marecchia, at Rimini, Italy (Fig. 3). It consists of five

semicircular arches having a span of 23 feet. This bridge is in

use at the present day, and from all appearances has required but

few repairs.

The most magnificent bridge built by the Romans was con-

structed in the reign of Augustus near Xarni, Italy. It consisted

of four arches having spars of 75, 135, 114 and 142 feet respec-

tively.

Fig. 12. Pont Neuf, Paris, France.

About 104 A.D., during the reign of Trajan, the aqueduct

bridge at Segovia, Spain, was built. The bridge contains 109

arches in two tiers. Thirty of the arches are modern, but similar

to the old ones. The length of the bridge is over 2500 feet. The

three center arches are 102 feet high. The entire structure is

built of squared granite blocks, without mortar. During this

same period Trajan constructed a fine stone bridge over the
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Tagus river at Alcantara, Spain (Fig. 4). There were six semi-

circular arches of various spans, the maximum being' about 100

feet. The total length of the bridge was 670 feet, and the maxi-

mum height above the river was 210 feet. The material was

granite, laid without mortar. The bridge was in use until 1809,

when the English destroyed the second arch on the right bank of

the river. This was temporarily repaired, but again destroyed in

1836, since when no repairs have been made, the natives using a

ferryboat to cross the stream.

In 135 A.D., during the reign of Hadrian, the bridge now
called St. Angelo was built at Rome (Fig. 5). It consists of four

Fig. 13. Kelso Bridge, Kelso, Scotland.

circular arches, the span of the largest being 62 feet 4 inches.

This structure is supposed to have been covered with a roof of

bronze, supported by forty-two columns. It was repaired by

Popes Nicholas III. and Clement IX.

The present balustrade, statues, etc., are, of course, recent,

but the arches are old. In nearly all of the Roman bridges the

arch was semicircular in form, and although the segmental and

pointed forms may have been known they were never employed in

the construction of bridges. The spans of the arches were usually

small in comparison with a few of our modern structures, yet they

successfully built bridges with spans of 142 feet, which is exceeded
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Fig. 14. Dunkeld Bridge, Dunkeld, Scotland.

Fig. 15. Waterloo Bridge over Thames, London.
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by but a small percentage of the structures built since the seven-

teenth century.

Another interesting fact in connection with the Roman
bridges is that the centering was almost always supported upon

large stones projecting from the piers below the springing line.

These are clearly shown in photographs of the Pont du Gard and

the aqueduct bridge near Segovia.

We come now to a period of several centuries in which little

was done in bridge building or in keeping in repair the bridges

already erected, though we may mention two bridges constructed

bv the Moors in Spain. At Cordova, about 912-916 (?), was built

Fig. 16. London Bridge over Thames.

a bridge of sixteen arches over the Guadalquiver. The style is a

combination of the Roman and Moorish types.

In 997, at Toledo, Spain, the bridge Alcantara was built over

the Tagus river (Fig. 6). It consists of practically two spans, the

larger being 93 feet. The style of the structure is Roman and

Moorish; the arches are semicircular, while the tower has the

stamp of Moorish origin.

In the twelfth century the art of bridge building revived.

Owing to the destruction of many of the old Roman bridges

and the unsettled condition of many districts, there was little

"security for travelers, particularly in passing rivers, where violent
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Fig. 17. Bromielau Bridge, Glasgow, Scotland.

Fig. 18. Waldi-Tobel Bridge near Bludenz, Austria
(Railway).
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exactions were made by banditti." "To put a stop to these dis-

orders, sundry persons formed themselves into fraternities, which

became a religious order, under the title of 'Brothers of the

Bridge.' The object of this institution was to build bridges, ferry

boats and receive travelers in the hospitals on the shores of rivers."

The first established was upon the Durance, at a dangerous

place named Maupas; but in consequence of the accommodations

arising from the establishment, the same place acquired the name
of Bonpas. St. Benezet, who proposed and directed the building

of the bridge of Avignon, was a shepherd, and was not twelve years

of age when he received revelations from heaven commanding him
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Fig. 19. Elyria, Ohio.

to quit his flock and undertake this enterprise. He arrived at

Avignon just at the time when the bishop was preaching to fortify

the minds of the people against an eclipse of the sun, which was

to happen upon that day. Benezet raised his voice in the church,

and said he had come to build a bridge. His proposition was

accepted by the people with applause, but rejected with contempt

by the magistrates and by those who thought themselves wisest.

As it was at this time an act of piety to build bridges, and Avignon

being then a popular republic, the people prevailed, and every one

contributed to the good work; some by money and some by labor,

all under the direction of Benezet, aided by the Brothers. St.



1 62 ASSOCIATION OF ENGINEERING SOCIETIES.

Benezet, by performing a great number of miracles, animated the

zeal of everybody. Upon the third pier was erected a chapel to

St. Nicholas, protector of those who navigate rivers. This was

done, however, after the death of St. Benezet, which happened in

1 184 ("Edinburgh Encyclopedia").

This bridge, which was composed of eighteen or twenty-one

arches, was begun in 11 76 and completed in 1188. In 1385 Pope

Boniface IX. destroyed some of the arches. In 1410 the inhabi-

tants blew up a tower, causing the fall of three spans. In 1670 the

cold was so severe that the Rhone for several weeks bore the

heaviest carriages; when the thaw followed the ice destroyed the

piers; but the third pier, with the chapel of St. Nicholas, has

remained, notwithstanding these many accidents. The span of

B
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Fig. 20. Main Street, Wheeling, W. Va.

the largest arch was about 102.9 feet, and was semicircular.

(Authorities differ here, some claiming that the arch had a span

of 110 feet and was segmental. The "Encyclopedia Britannica"

states that the arches were elliptical, the minimum radius of

curvature being at the crown.)

In 1 176, or practically at the time when the bridge at Avignon
was commenced, Peter of Colchester, a priest, began the erection

of the old London bridge across the Thames, but the structure was

not completed until 1209. The bridge originally contained nine-

teen pointed arches having spans from 9 to 20 feet, and piers 25 to

34 feet thick.

For many years there were houses along each side, but these
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were removed in 1758,. and the middle pier and two arches re-

placed by a single arch of 72 feet span. In 1824-31 the new Lon-

don bridge replaced this structure.

In 1203 the bridge St. Martin was built over the Tagus river

at Toledo, Spain. It consists of five arches, the center arch being

the largest, with a span of 132 feet. This arch is very slightly

pointed.

In 1281 the Brig O'Balgownie was built over the river Don
on the road leading from the old to the new town of Aberdeen,

Scotland (Fig. 7). This bridge contains but one arch, which is

pointed, and has a span of 66 feet.

Fig. 21. Jaremcze Bridge over Pruth, Austria (Railway).

These bridges with pointed arches, constructed in different

countries, place the introduction of such arches in bridge building

at about the thirteenth century.

The old Charles bridge over the Moldau, Prague, Austria, was

built between 1357 and 1507 (Fig. 8). It consisted of sixteen

spans, the largest being 69.5 feet. In a photograph the arches

appear to be semicircular. The structure was ornamented with

thirty statues and groups of saints, one of which is a bronze statue

of St. John Xepomac, patron saint of Bohemia (in whose memory
the bridge is visited yearly by thousands of pilgrims). The saint

is said to have been flung from the bridge in 1383 by order of the

. 13
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Emperor for refusing to betray the confessions of the Empress.

The body is said to have floated for some time with five brilliant

stars hovering over the head. The bridge was partially destroyed

by a flood in 1890.

In 1380 a very large arch was built over the Adda river near

Trezzo, Italy, by order of Visconti, but was destroyed by Carmag-

nola in 141 6. From the ruins which remained in 1838 (about 20

feet at each abutment) the span has been determined to have been

about 251 feet and the rise about 88 feet. The arch ring was

remarkable as being in two concentric rings with a total thickness

of but 4 feet.

Fig. 22. Cresheim Bridge, Philadelphia, Pa.

The Yecchio bridge at Florence, Italy (Fig. 9), over the Arno
river, was first built in 1177, but was rebuilt in 1345. It consists

of three arches of 96 feet span and 19.2 feet rise, the curves being

segments of a circle and in appearance quite flat. The width of

the structure is 105 feet, and along the sides are built stores, etc.

Adjacent to the Vecchio bridge, the Trinity bridge was

erected in 1566. It consists of three elliptical arches, the largest

having a span of 95.8 feet and a rise of 16 feet.

The Rialto at Venice, Italy, built of marble in 1588-91, has

but one span of 98.5 feet, with a rise of 23 feet (Fig. 10).
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Apparently in imitation of the Rialto, the Fleisch-briicke in

Nuremburg was constructed in 1599, with a span of 97 feet and a

rise of 13 feet (Fig. 11).

These examples of the segmental, or elliptical, arch mark the

advent of flat arches, though, of course, the form was not univer-

sally employed, as Pont Neuf, over the Seine river, Paris, France

(Fig. 12), built between 1578 and 1604, consists of a large number
of nearly semi-circular arches with a maximum span of 51.1 feet

and a rise of 21.9 feet.

In 1 553- 1 570 the Tempoala aqueduct, seven miles south of

Huauchinango, Mexico, was constructed under the direction of a

Fig. 23. Lodi Street, Elyria, Ohio.

Franciscan friar. It contains sixty-eight semicircular arches,

the largest having a span of 58 feet. Its maximum height is 124

feet. It is built on two tangents 177 degrees apart. The water-

way is only 8-| inches by 12 inches.

During the eighteenth century many fine bridges were built.

Of these only a few can be mentioned. Near Lisbon, Spain, the

Alcantara aqueduct was commenced in 1731 and completed about

1774. It contains thirty-five pointed arches, the largest arch hav-

ing a span of 100 feet and a rise of 88 feet. The height of the

intrados of the maximum arch is 197 feet, while the maximum

height of the bridge is 230 feet.
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It is claimed that this is the highest masonry arch bridge,

having but one tier of arches, in the world.

Pont-de-la-Concorde (built 1787), at Paris, France, has five

segmental arches, the center span being 102.3 feet with a rise of

9.8 feet.

The Kelso bridge over the Tweed river, Kelso, Scotland

(Fig. 13), was built 1799- 1803. It has five elliptical arches with a

maximum span of Ji ^eet and a rise of 21 feet.

In 1809 the Dunkeld bridge over the Tay river, at Dunkeld,

Scotland, was completed (Fig. 14). There are seven arches, the

center span being 90 feet with a rise of 30 feet.

Fig. 24. Echo Bridge, Boston, Mass.

Between 181 3 and 1822 a fine bridge over the Garonne river,

at Bordeaux, France, was built. There are seventeen elliptical

arches, having spans varying from 65.86 feet to 86.92 feet. The
maximum span has a rise of 28.9 feet.

The new Waterloo bridge, London, was opened in 18 17 (Fig.

l 5)- There are nine elliptical arches, with a span of 120 feet and a

rise of 34.6 feet.

The new London bridge was built between 182 1 and 1830.

(Fig. 16.) The five elliptical arches have spans varying from 130
feet to 152 feet. The rise of the maximum span is 29.6 feet above
hierh water.
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The Bromielaw bridge, in Glasgow, Scotland (Fig. 17), has

seven segmental arches, the largest having a span of 58.5 feet with

a rise of 10.8 feet. It was constructed 1833-36.

In 1841-47 the highest stone bridge in the world was con-

structed on the canal leading to Marseilles, France, where it

crosses the Arc Valley. The bridge has three tiers of arches.

The lowest tier has twelve arches of 49.2 feet span ; the middle tier

rifteen arches of 52.5 feet, and the upper tier fifty-three arches of

16.4 feet span.

The bridge if 48 feet wide on top, 1289 feet long and 271 feet

high. The width of the canal on the bottom is about 22 feet.

Fig. 25. Wissahickon Bridge, Philadelphia, Pa.

Up to 1847 nothing of any magnitude, in the way of stone

bridges, had been erected in the United States. During this year

the Starrucca viaduct, carrying two tracks of the New York, Lake

Erie and Western Railway, over Starrucca creek, near Lanes-

borough, Pa., was constructed. There are seven segmental

arches of 51 feet span, and the maximum height of the rails above

water is 1 10 feet.

In 1852-59 the Cabin John bridge, the largest stone arch in

the world, was built, near Washington, D. C, to carry an aqueduct
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and highway over Rock creek. Its span is 220 feet, with a rise of

57.3 feet.

The Waldi-tobel* bridge, in the western part of Austria, was
built in 1884 (Fig. 18). Its span is 134.5 feet, with a rise of 42.16

feet, while the rails are about 160 feet above the bottom of the

gorge which it crosses.

In 1884 a highway bridge, with a span of 150 feet and a rise

of 27 feet, was built at Elyria, Ohio (Fig. 19).

Fig. 26. Babylonian Arch of Brick at Nippur.

In 1892, at Wheeling, W. Va., an arch with a span of 159 feet

and a rise of 28.4 feet was constructed (Fig. 20).

In this year (1892) the Jaremze* bridge, the largest arch

bridge in the world for railway purposes, was built in the eastern

part of Austria over the river Pruth (Fig. 21). The span is 213

feet and the rise 59 feet.

*This bridge was designed by Mr. Ludwig Huss, chief engineer of

the Austrian State Railways, to whom the author is indebted for the photo-

graph.
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The Cresheim bridge, in Fairmount Park, Philadelphia, Pa.,

built in 1892, has a span of 116 feet, with a rise of 21. 1 feet (Fig.

22). This bridge carries a sewer over a small stream.

The Lodi street bridge, at Elyria, Ohio, has a span of 112 feet

and a rise of 19.5 feet. It was built in 1894 (Fig. 23).

Probably the most pleasing stone bridge, from an architec-

tural point of view, is the Echo bridge, at Newton Upper Falls,

Mass. (Fig. 24). It has a span of 129 feet and a rise of about 27

feet. It carries an aqueduct and highway, and was built in 1894.

*During the present year a very artistic highway bridge has

been built in Fairmount Park, Philadelphia, Pa (Fig. 25). The
span is 105 feet, with a rise of 11.0 feet.

The examples of stone arch bridges given above are, of

course, but a very small percentage of those which have been

constructed. With but a few exceptions, only those structures

have been mentioned concerning which the data are believed to be

authentic, and of which photographs could be obtained.

Data concerning even the more modern structures are very

hard to obtain, and in many cases it is practically impossible to

purchase photographs.

The following conclusions may be drawn from the above data:

The Romans first used the arch in the construction of bridges

in the second century B.C.

Until about the thirteenth century the arch in bridges was of

the circular form, and almost without exception it was semi-

circular.

The pointed arch was first employed in bridges about the

thirteenth century.

In the fourteenth century segmental and elliptical arches were

introduced.

At the present time the segmental arch is almost universally

employed for long spans.

*Through the courtesy of Mr. John C. Trautwine, Jr., the author ob-

tained photographs of this bridge.
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When we consider the short length of time required to erect

an ordinary pin-connected bridge, and the comparatively small

number of men employed in such an undertaking, we are more
nearly capable of realizing that the construction of those marvelous

works of engineering, the pyramids of Egypt, is not among the

impossibilities of the present day. When we think of these won-

derful ancient structures, some of which consist of a mass of stone

weighing six or seven million tons, we do not always associate with

them the thought that they represent the energy of tens of thou-

sands of men employed for fifteen or twenty years. Likewise,

when we view such structures as the beautiful suspension bridge at

Xew York or the awe-inspiring span over the Forth, we do not

always realize how short a time is consumed in erecting the super-

structures of such works. The rapidity with which many of our

long-span railroad bridges are placed upon their masonry supports

is little short of marvelous. Possibly the Cairo bridge, which

spans the Ohio river in Southern Illinois, is one of the best exam-
ples of how our skilled workmen can elevate heavy pieces of steel,

weighing perhaps 20 or 25 tons, into their correct positions,

adding piece after piece until the span is self-supporting. One
span of this structure, weighing about 2,000,000 pounds and meas-

*Manuscript received March 5, 1898.—Secretary, Ass'n of Eng. Socs.
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uring 518 ft. 6 in. center to center of end pins, was erected in six

days. To erect the entire superstructure of two spans of this

length required the services of seventy-five men working one

month and three days. This includes five days of idle time, and

also the time necessary to move the false-work from one span to

the other. At the present time it is perfectly safe to say that after

the false-work has been placed in position it is possible to erect

within one day pin-connected bridge trusses of spans not exceed-

ing 200 feet.

What has made possible this rapidity of erection? It is due,

first of all, to the adoption of the so-called American type of pin-

connected truss, which is the result of the inventive genius of the

American bridge engineer. To be able to place a steel span upon

its piers in a minimum amount of time in order to reduce liability

of damage from floods, ice jams, etc., and at the same time have a

joint as nearly perfect as possible, has been the problem. How
the pin-connected truss has enabled erectors to accomplish this is

shown by the example just cited. For our large and swift rivers

subject to sudden floods that bridge is preferable which can be

quickly made self-supporting, thereby reducing to a minimum the

risk of a washout during erection. The pin-connected truss surely

possesses in this respect a marked advantage over the riveted type.

There are, however, cases where the latter is preferable. A pin-

connected truss bridge can be erected so as to permit the passage

of trains without driving a single rivet at the site of erection. The
only field-driven rivets in such a bridge are those which connect

the top chord pieces at the splices, the lateral bracing and the floor

system. Bolts may temporarily be used in such places and the

bridge made capable of carrying a train of cars in a very short

time. This rapidity of erection not only avoids danger from

washouts, but in the case of a renewal of an old bridge it reduces

to a minimum the interference with the passage of trains, which

on most railroads is a very important matter. The bolts which

temporarily serve their purpose are replaced by rivets after the

bridge is entirely free from the false-work. Such a procedure as

here outlined would be employed only in extraordinary cases.

In the design of a bridge care must be taken to introduce all

features which will aid in the rapid assembling of parts in the field,

and to avoid all possible interference of one member with another.

For instance, the rivets in the top chord at its intersection with the

end-post must be carefully studied to avoid any interference. If

a rivet head is left in such a position as to prevent the connection of

the various members which meet at the joint, the erection of the
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structure is brought to a standstill while the rivet head is chipped

off. A few moments' careful study of the rivets would prevent

such a delay, and save the contractor for erection a considerable,

sum of money. The importance of the careful investigation of the

method of erection will be shown later in connection with the con-

struction of cantilever bridges. It will then be seen that some

very peculiar details are introduced into the design of this form of

truss to facilitate the final adjustment and connection at the center

of the suspended span.

Let us now consider the various methods of erecting different

forms of metallic bridges, beginning with the simplest, namely, the

short span "I" beam bridge. Such a structure is nearly always

sent from the bridge shop in one piece, ready to be placed on the

abutments without any field riveting. Inasmuch as "I" beams are

rarely used for spans of more than 18 or 20 feet, the means em-

ployed for handling them in the field are very simple. If a railway

bridge is to be built over a roadway, and is not more than 20 or 30

feet above the latter, a derrick may be set up on the surface of the

roadway and the structure lifted from a car directly onto the

abutments. Or, the derrick may be set up on the surface of the

raihvay embankment instead of on the lower level. In case the

bridge spans a small stream, the derrick would of course be used

as last suggested. Frequently instead of the derrick the railway

or bridge company makes use of a crane fixed upon the end of a

platform car. For light "I" beam or plate girder bridges the

derrick or crane is very expeditious, but when the weight becomes

too great to be handled readily in this way, or when neither of

these appliances is at hand, the erection may be accomplished in

the following manner.

If the road is a new one, the car on which the bridge is carried

may be run up to the opening to be spanned and the girders

skidded across on wooden beams inclined from the car to the oppo-

site bridge seat. The wooden beams are then removed and the

bridge is lowered onto the abutments. After the steel work is thus

placed in position the track is laid and the bridge is ready for

traffic. If the girders and lateral bracings have been sent from

the shop as separate pieces, the girders may be skidded across on

wooden beams as before, and then lowered onto the masonry sup-

ports. The laterals are then riveted in and the steel work is fin-

ished. On the other hand, if the opening is already spanned by a

structure which is to be renewed, then the entire bridge, including

the lateral bracing, may be riveted together, near the site, and at

some convenient time between trains placed on a dolly car and
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moved up to the opening. The old bridge is then torn out and the

new one skidded across the opening as before explained. The
method here merely outlined may be used very effectively for "I"

beam or plate girder bridges of spans not exceeding 25 feet.

Ordinarily it would be more economical than that method in

which a derrick or crane is employed, and almost as expeditious.

In case the interruption of traffic will not permit the removal of the

track even for a very short length of time, the girders could be

placed across the opening and set upright just outside of the old

girders. The new ones could then be moved laterally under the

track and the old beams removed. This method of procedure, in

general applicable to deck spans only, would not interfere with

traffic in the least.

For plate girder spans exceeding 25 feet the girders are gen-

erally too heavy to be erected by use of the preceding methods.

However, by building one, two or three trestle bents under the

wooden beams these will be strengthened so that the girders may
be launched out as previously suggested for the shorter spans.

These heavy girders should be skidded out lying flat, so as to

avoid accidents by overturning. It will be noticed that this

method differs from that used for the shorter spans in that the false-

work is used to aid in supporting the girders.

A very simple method of placing the two girders upon the

abutments at the same time is as follows: one or more timbers

are laid across each end of a platform car so that the girders may
be suspended from the projecting ends of the beams. The car

carrying a girder on each side is then run out onto the false-work,

or onto the old bridge, as the case may be, and the girders lowered

into position.

Plate girders are frequently erected by means of a gin-pole,

which usually is a single mast guyed at the top. This pole is raised

at the side of the track so that by means of a hoist line which passes

over a sheave at the top the girder may be raised and placed in

position. Frequently only one gin-pole is necessary, but some-

times two or even three are used. These poles are not placed

vertical, but are inclined so that the upper end overhangs the piece

to be raised. By tightening or loosening the guys the position of

the load may be regulated. The hoist line, after passing over the

sheave at the top of the pole, runs to a "crab," or windlass, near

the bottom. Recently in erecting bridges on the New York, New
Haven and Hartford Railroad by means of gin-poles the hoist lines

were run through pulley blocks at the foot of the poles and then

to locomotives, which furnished the power necessary to raise the
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girders. Fig. i illustrates a gin-pole used in erecting a 25-ton

girder in Minneapolis. In this case a locomotive furnished the

power for hoisting. The gin-pole itself is usually raised with a

derrick or an "A" frame. Such poles have been used to a length

of 146 feet, and, for the shorter lengths, are a single pole or mast.

In the erection of the water tower at Montezuma, Iowa, a pole was

used which was 114 feet long and 4 feet square, built up of 4"x4"

pine timbers and latticed with planks. Fig. 2 shows the framed

146-foot pole used in erecting the tower of a lift-bridge at Manito-

woc, AYisconsin. This is the tallest gin-pole on record.

Fig. 1. Hoisting 25-Tox Girder with Gin-Pole and Locomotive,
Minneapolis, Minn., 1896.

Let us now consider some of the methods both usual and un-

usual for handling the long-span plate girders such as that illus-

trated in Fig. 3. This view shows a plate girder 123 feet long, 10

feet high and weighing 50 tons, which was constructed in Pittsburg

for a bridge at the junction of two streets in Philadelphia. Before

proceeding further with the erection of this bridge, permit me to

speak of the importance of the careful loading of plate or lattice

girders on cars for transportation. Girders are sometimes laid flat

upon the cars and sometimes set upright, as shown in Fig. 3.

When the latter method is used the sfirder rides the curves of the
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Fig. 2. Highest Gin-Pole on Record.

Fig. 3. 123-F00T Girder, Philadelphia.
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railway track with great ease, but there is a risk of overturning

which we do not have if the girder is laid on its side. Fig. 3 shows

the manner of loading this 123-foot girder for transportation from

Pittsburg to Philadelphia. Of the five cars used three were idlers.

The cars which supported the girder were gun-trucks, and each

end of the girder was supported on and rigidly attached to a pivot

frame, thus enabling the girder to move freely when riding around

the curves. Provision was also made for the longitudinal slipping

either at one or at both ends. To prevent overturning the frames

were constructed as shown in the cut. Also to lower the center of

gravity of the cars and girder, the former were loaded with pig

Fig. 4. Shiffler Bridge Company, 123-F00T Span in Philadelphia.

iron. On account of the great depth and length of the girder it

was found to be impossible to transport the load directly over the

main line of the Pennsylvania Railroad. A route which gave the

proper head-room was carefully selected, and, after traversing por-

tions of several different railways, the special train which carried

this one load finally reached Philadelphia. To place the girder on

the masonry, the cars, with their load, were run directly under two

cross girders which were placed on framed towers, as shown in

Fig. 4. These two cross girders were subsequently used in the

bridge. On these two cross girders and vertically over the center

of gravity of the main girder were placed nine steel "I" beams, to
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which the lines for lifting were attached. The main girder was

unsymmetrical, and its center of gravity, the point at which the

lines were attached, was computed. The pulling lines were run

to two locomotives, and in ten minutes time the girder was raised

onto the abutments.

The transportation and erection of this girder have been de-

scribed somewhat in detail not only because it is one of the longest

plate girders ever erected, but also to emphasize the importance of

carefully studying the loading and transportation of these heavy

pieces, and to bring out a method of erection of which I have not

yet spoken, namely, the use of overhead bents of false-work. In

Fig. 5. Sunbury Bridge, C. A. and C. Ry. Youngstown Bridge Co.

this case two trestle bents were used, one on each side of the rail-

road tracks. Resting on these frames were two girders, which

supported the load.

In February, 1896, on the Cleveland, Akron and Columbus

Railway an old deck Howe truss bridge was replaced by a deck

plate girder -in the following manner: the steel girders were con-

nected together in the shop and sent out ready to be placed on the

supports. As shown in Fig. 5, the cars carrying the new span

were run out onto the old bridge. A gallows frame was erected

over each support in such a way that the girders could be sus-
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pended from the cross beams of the frames. While the girders

were thus suspended the cars were removed from the old bridge,

the floor system and the top lateral system were taken out and the

girders lowered onto the supports. The wooden trusses were then

removed and the new track laid. These girders were 91 feet in

length, and the time required for the erection was about seven

hours. These frames are very useful in the erection of riveted

trusses and long plate girders.

Another very common method to which reference will be

briefly made is that of running the girders out on the false-work

and then lowering them alongside the latter till they rest on the

Fig. 6. Millbury Bridge During Erection.

abutments. The false-work is then removed and the girders slid

laterally into position.

The girders of the Harvard Bridge, in Boston, were loaded on

scows and floated out into position. They were then placed upon

the piers with the aid of the tide and arrangements for increasing

or diminishing the draught of the scows. This method will be

mentioned later in connection with the erection of trusses.

Let us now consider the erection of simple trusses, that is,

trusses which are supported only at the ends. After describing the

false-work, the traveller, and the usual method of erection, some

extremely interesting and ingenious solutions of problems in

bridge erection will be presented.
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During the early stages of iron bridge construction in this

country the false-work for deck and through spans not only ex-

tended to the elevation of the lower chord, but was continued up-

ward to the top chord. The truss members were handled from this

upper false-work. At the present time, for deck bridges, the same

general method is sometimes used for the false-work, but the truss

members are handled by means of a movable tower which runs on

a track supported by the false-work. This movable tower is called

a traveller. In nearly all cases for the erection of through and

generally for the erection of deck bridges the top of the false-work

is placed a little below the elevation of the bottom chords of the

trusses. Let us now consider the false-work used for bridges

which are not very high above the bottom of the stream, and, first,

where there is no traffic for which to provide. For single track

structures this false-work consists of trestle bents of one, two, three

or four legs each. These bents are placed about 20 feet apart, and

are usually placed longitudinally and transversely. Each bent is

capped by a timber which, of course, lies in a direction perpendicu-

lar to the length of the structure. On the caps are placed several

lines of rough stringers, on which is a rough flooring. Fig. 6

represents this simple form of false-work, and on this temporary

structure runs the movable tower or traveller. The floor just

mentioned is usually about one foot below the lowest point of the

steel work to be erected. The reason for this we shall see later.

The trestle bents shown in this cut are made of piles, in which case

they are either driven in position, piece by piece, or, each bent is

framed together on shore and floated out into position and up-

ended. This false-work may be used for deck or through bridges

where there is no traffic; but when trains are continually passing

over the line provision must be made to sustain the tracks while

the old bridge is being removed and the new one erected. If the

old structure is a through bridge, then the false-work as just de-

scribed could be used, care being taken to place stringers under-

neath the old track to give proper support. If the old structure

is a deck span the false-work is generally carried very nearly to the

top of the structure, so that the old track may be supported during

the renewal.

The legs of these trestle bents rest directly on the bottom if

this is of rock or other compact material. When the bottom is

soft these legs should rest on a sill to distribute the pressure.

Frequently piles are necessary to carry the loads down through

this soft material to the harder stratum underneath. Great care

should be taken in arranging the false-work so as to prevent the
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scouring- out of the bottom, for if this happens to a great extent

there is danger of precipitating the steel, traveller and false-work

into the river.

Fig. 7 illustrates the erection of a long span curved chord

bridge, and shows that for spans at a great elevation above the

water two, three or even more stories must be used in the false-

work. For such cases, in order to offer as little resistance as pos-

sible to the current and to the passage of drift or ice, it is better to

build up the false-work not in single bents as shown, but in what

may be called towers. These towers are 10 or 15 feet long in the

direction of the length of the bridge. The space between them
varies, and is frequently as much as 50 feet. When this distance

$s§tt-3&**'

Fi G. /. Ohio Bridge at Cincinnati.

is not over 25 feet trussed stringers may be used to span the open-

ing between the towers, but where it exceeds this distance Howe
trusses should be used. Fig. 8 illustrates an example of this con-

struction.

Let us now pass to the traveller, which runs back and forth on

rails laid on the stringers of the false-work and spaced sufficiently

far apart to enable the traveller to span the steel trusses. Travel-

lers are usually made of wood and consist of two, three, or four

bents braced together. At the foot of the posts are either single

wheels or trucks, which run on the rails. The members compris-

ing each bent are bolted together lying on the false-work. Each

bent is then raised into a vertical position and connected to the
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Fig. 8.*

others by the bracing. On top of these bents and in direction of

the center line of the bridge, several lines of stringers are placed

approximately over the center lines of the trusses. If the structure

is not very high and the weights to be raised are comparatively

light, a "crab" is usually placed on each corner of the upper deck

of the traveller. The hoisting lines are attached to these "crabs,"

Fig. 9.

which are manipulated by man power. Sometimes they are placed

on the false-work instead of on the traveller. Fig. 9 shows the

simplest form of traveller.

Fig. 10 illustrates a traveller such as is used in erecting the

longest curve chord trusses of the American type. For high

bridges, where the distance through which the pieces must be

*From "The Strains in Framed Structures." Dubois.
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raised is great, or where the weight is too heavy for man power,

hoisting engines are used. These are usually placed at the ends

of the span and the hoist lines run to the blocks at the bases of the

traveller, and thence up to sheaves attached to the stringers on top.

In Fig. 10 the hoisting engine is carried by the traveller. On the

lower level may be seen one of the two boilers and two of the four

drums for winding the hoist lines, and above may be seen the

transverse beams resting on the longitudinal stringers. The trans-

verse beams support the pulley blocks or sheaves. Such travellers

as this constitute a very important part of the cost of construction.

In the side elevation it will be seen that there are four bents, but,

Fig. 10.*

as before stated, three or two are sometimes used. Instead of three

bents it is probably cheaper to use only two, and instead of the

middle bent use two inclined posts on each side. The description

of these travellers alone would make a very long paper, but let us

now pass to the erection of the steel work. With the aid of Fig. 9,

I shall describe the assembling of the members of a small truss and

merely state that the method employed for the long spans is practi-

cally the same as here outlined.

The center lines of the trusses and the panel points are first

marked out on the false-work by the engineer. At these points is

*From "The Strains in Framed Structures." Dubois.
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placed blocking, upon which the. lowest part of the steel work
rests. A few moments ago it was seen that the false-work is car-

ried up to within a foot or so of the lowest steel work. It is now
apparent why this is done. This blocking placed upon the false-

work and under the trusses at the panel points must be sufficient

to give the trusses an increased camber, so that the distance be-

tween diagonal panel points is lessened. This enables an adjust-

ment of the members so that the pins are easily driven. After this

blocking has been placed in position the lower chord bars, wash-

ers, etc., are distributed in their proper places. The traveller is

usually then run out to the center panel, where the top chord sec-

tion is raised above its final position and lashed to the top of the

traveller. By lashing this section in this way the "crabs" are free

to raise the two vertical posts into position. The bottom ends of

these posts, together with the lower chord bars, diagonals, etc., are

then assembled and the pins driven. The posts are held vertically

while the upper ends of the diagonals are raised into position.

The top chord section, which has been suspended from the travel-

ler, is then lowered and the top pins driven. In this way the center

panels of the two trusses are erected simultaneously, and are then

connected by the laterals. In connecting up this center panel

care must be taken to have the trusses as near parallel as possible,

and also to have the panel points of one truss exactly opposite

those of the other. After the central panel has been finished the

traveller is moved one panel length towards the fixed end of the

bridge. In erecting this panel the procedure is practically the

same as for the center. After the traveller has thus worked its way
to the fixed end it returns to the center panel and erects that por-

tion of the structure from this panel to the roller end. The block-

ing is then removed and the truss becomes self-supporting. The

rivets connecting the floor system, etc., are then driven and the

steel work is finished.

Although it is not necessary to begin the erection at the center

of the span, it is better to do so, because here there are diagonals in

both directions, bracing the panel thoroughly. The erection some-

times begins at the fixed and continues to the expansion end. The

steel is generally raised directly into position from the cars, which

are run out onto the false-work. The method here outlined is the

usual one for pin-connected bridges. For riveted trusses the mem-
bers are completely assembled and connected by means of bolts,

which, after the trusses have been given the proper camber, are

replaced by rivets.

Let us now turn our attention to some examples of erection,
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which, on account of the extraordinary methods used, are very

interesting.

Fig. 11 shows how an ordinary fixed span over the Columbia

river was erected as a cantilever by building out from either end.

The structure, as finally completed, consists of a 215-foot deck

span, which extends from the mainland on the east over a side

channel to a fixed tower on a small rocky island. The view is

taken from the south, hence the east is on the right side of the

illustration. The main channel is spanned by an ordinary curved

chord bridge 416 feet long, extending from the fixed tower on the

island to a rocker tower which is supported on the west bank of

Fig. 11. Columbia River Bridge. Edge Moor Bridge Works.

the stream. This bank rises vertically from the water, and the

tower is set within a few feet of the edge. The projecting rock

seen on the left is in the foreground, hence the view of the rocker

tower is somewhat misleading. From this rocker tower there is

a trestle carrying a sharp curve running westward to the left.

Upon first thought the question might be asked, why not use a

cantilever bridge? This was impracticable on account of the curve

just mentioned, which is necessary to avoid the rocky precipice on

the extreme left of the bridge. This precipice is not shown in the

illustration.

The depth of the water in the main channel was 130 feet at
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the time of the erection, and on account of this depth and the

rapidity of the current it was practically impossible to use false-

work for the erection of the long span. As shown in the view,

false-work was constructed for the short span over the east channel

and for the approach on the west of the long span. At each end

of the channel span one-half of the 215-foot deck span was then

temporarily erected upside down on the false-work. The main

channel trusses had been designed with stiff bottom chords, so that

it was erected piece by piece as a cantilever. Each portion of the

channel span was connected to the portions of the inverted deck

span by means of eye-bars and struts made especially for the pur-

pose. The cars carrying the material were then run out on the

Fig. 12. Bridge over River Dal in Sweden.^

main track underneath the travellers, which may be seen on the top

of the top chord near the opening. These travellers, one on each

half of the bridge, thus placed into position piece by piece, till the

two overhanging arms met at the center. As the weight of the pro-

jecting arms increased, steel rails were added to the outside ends

of the anchor arms. A large mass of these steel rails may be seen

on the extreme left. On the left may also be seen the traveller,

which was used in handling the material of the inverted deck span.

The projecting arms are now meeting at the center, but as yet

nothing has been said about driving the last pins. Unless the

members meet at the center, the last pins could not be inserted into

the holes provided for them. It is impossible to start the erection

*"Girder Making and Bridge Building." Hutchinson.
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and determine the deflection so that the final pin may be driven

without adjusting- the members. This adjustment was made in

this bridge by means of three wedges for each truss, one in the

line of the bottom chord to the left of the rocker tower and one at

the top of each of the vertical posts over the towers. By these

wedges the center of the span could be raised or lowered, and the

distance along the bottom chord between end-pins could be in-

creased or diminished. By means of these wedges the holes of the

various members meeting at the center of the span were brought

Fig. 13. Ohio Connecting Railway Bridge near Pittsburg.

Keystone Bridge Company.

into line, the pins were inserted and the trusses became self-sup-

porting. The two portions of the deck span were then taken down
and erected in proper position.

How the same general method as that just described was ap-

plied to the erection of a bridge over the river Dal, in Sweden, is

shown in Fig. 12. This structure was built about 1874. At either

pier may be seen the temporary supporting ties which were at-

tached to the projecting portions and to the adjacent spans during

erection.

16
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Another interesting example of erection without constructing

false-work in the river under the final location of the bridge is

illustrated by the manner in which the 523-foot channel span of the

Ohio Connecting Railway Bridge, near Pittsburg, was floated out

into position and lowered onto the piers. To avoid obstructing

the great volume of traffic at this point and the sudden floods to

which the Ohio river is subject, it was concluded to erect the long

channel span on false-work in the shallow water near the shore

about 500 feet below the bridge. Fig. 13 shows the completed

Fig. 14. Ohio Connecting Railway Bridge.

span as it rested on the false-work parallel with the shore and at

right angles to the center line of the bridge. It will be observed

that the false-work rests on several pile bents, spaced sufficiently

far apart to admit barges, as shown in Fig. 14. Each of the nine

barges was partially filled with water by opening valves placed in

the bottom. After placing these underneath the false-work and

bracing the entire mass thoroughly, the water was pumped out of

the vessels, which then rose, carrying the false-work and span

vertically till the former was clear of the piles. This line of barges,
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with its burden, was then revolved through 90 and towed up-

stream into position till the ends of the trusses were just over the

piers. The valves in the bottoms of the barges were then opened,

and as the water flowed in the span settled down upon the piers

provided for it. The barges and false-work were then removed.

This was a wonderful feat of engineering, especially when we con-

sider that the steel and false-work together weighed 1800 tons and

that the topmost part of the trusses was 150 feet above the water.

The barges which are seen in Fig. 15 are not those which carried

the span, but were placed on the upstream side for protection.

Several other large bridges have been erected in this manner.

Fig. 15. Ohio Connecting Railway Bridge.

The method by which the trusses of the Boylston street bridge

over the Boston and Albany Railroad, in Boston, were placed upon

the abutments is illustrated in Fig. 16, which shows a portion of

the staging upon which one of the trusses was erected alongside

of and parallel to the railroad tracks. The more distant end was

supported on iron rollers resting on a wooden tower, which in

turn was placed upon wooden rollers. The nearer end was sup-

ported on a hydraulic jack on the abutment. At a convenient time

between the passage of trains the truss was swung about the jack

as a pivot, the tower moving upon the wooden rollers running on

timber sills laid across the tracks. When the tower reached the

abutment the end of the truss was brought to the proper elevation
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Fig. 16. Boylston Street, Boston.

Fig. 17. Cantilever at Niagara.
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by means of jacks, and the truss was rolled from the tower to the

abutment on the iron rollers. Fig. 16 shows one of the trusses

while the tower was being moved across the tracks.

Although the principle of the cantilever was known many cen-

turies ago, it remained for the engineers of modern times to apply

it to the construction and erection of long spans across deep and

dangerous streams. As shown in Fig. 17, the cantilever is espe-

cially adapted to locations where false-work cannot be employed.

The illustration is taken from the bridge at Niagara Falls, and

shows a typical pin-connected, deck cantilever. Each side consists

of an anchor arm extending from the abutment to the tower and a

cantilever arm projecting from the tower over the river. At the

outer ends of these cantilever arms is supported the suspended

span, which is a simple truss.

For the erection of such a structure false-work, similar to that

already described, is constructed from the abutment to the tower.

Beginning at the shore end, the anchor arm is erected upon this

false-work. The traveller, somewhat different from that already

described, is arranged to move on top of, and to overhang the

finished portion. The projecting arm and the suspended span are

erected piece by piece from the overhanging traveller, which re-

ceives the material either from cars run out on the structure, or,

as in the case of the Poughkeepsie Bridge, from boats underneath.

Platforms suspended from the traveller enable the workmen to

handle the parts along the lower chord. As the overhanging arm
progresses there is a tendency for the anchor arm to rise from the

abutment. This is prevented by the weight of the latter arm and by

anchoring the end to girders built in the masonry. The projecting

portions are carried out each side till they meet in the center. At

this point, unless provision has been made for the final adjustment

to facilitate the insertion of the last pins, it is almost impossible to

complete the erection. As before suggested, the pedestals cannot

be so correctly set at the abutments and towers that there will

be no adjustment necessary at the center. Wedges for final ad-

justment are usually provided in the bottom and top chords at the

panels between the projecting arms and the suspended span. By
means of the wedge in the top chord the outer end of the projecting

arm may be elevated or depressed at will, and with the aid of the

wedge in the bottom chord the distance between end-pins in this

chord may be increased or diminished. It is obvious with such

provision for final adjustment the cantilever may be easily erected.

The erection of the Red Rock cantilever bridge over the Col-

orado River is shown in Fig. 18. The method of erection for a
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Fig. 18. Red Rock Cantilever over Colorado River. Phoenix
Bridge Company.

*£->*.: - '.Tferr^te^V

Fig. 19. Cantilever at Lachine, Canada.
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through cantilever such as this is very similar to that of the Niagara

Bridge already described. The traveller in this case runs inside

the steel work, while in erecting a deck cantilever it runs on top.

Drawbridges are usually erected on the fender pier, that is,

open, but sometimes they are constructed as cantilevers by build-

ing out simultaneously on each side of the pivot pier. This

method as applied to the erection of a central span of the cantilever

bridge at Lachine, Canada, is shown in Fig. 19.

The usual method of erecting arched bridges is shown in Fig.

20, which illustrates the Washington Bridge over the Harlem

river in New York City. This structure consists of two 510-foot

Fig. 20. Washington Bridge over the Harlem River.

spans. Each span is composed of six curved girders, sent to the

bridge site in sections 12 or 15 feet long and 8 feet deep. By
means of derricks these sections were elevated to cars upon a plat-

form, from which they were delivered to the traveller. This trav-

eller ran on top of the girders and was adjustable to fit the varying

inclination.

Figs. 21 and 22 illustrate the famous Ead's Bridge in Saint

Louis. Each arched rib of this structure consists of two tubes

connected in a vertical plane. The erection of these ribs was

accomplished without the aid of false-work by beginning at the

piers and building out piece by piece. Each portion of the arch, as
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E

Fig. 21. Erection of Ead's Bridge.*

it projected outward, was supported by cables carried up over a

wooden tower placed upon the adjacent pier or abutment. The

method is illustrated diagrammatically by Fig. 21, showing a por-

tion of the arch supported by the cables. Fig. 22 is reproduced

Fk Ead's Bridge at St. Louij

from a photograph taken at the time of erection. Here again the

problem of closing the span at the center arose, and, as no provision

had been made for the final adjustment, great difficulty was expe-

rienced in connecting the two projecting arms of the first span.

It was found that the distance between the two projecting portions

was too short to admit the section of the tubes intended for the

opening. The arches were then cooled by the application of ice,

but the intervening space could not be increased sufficiently to

admit the tubes. After several unsuccessful attempts to close the

arch by this means, the problem was solved by using adjustable

*From "The St. Louis Bridge." Woodward.
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sections of tubing. The application of ice is generally supposed to

have been successful, but in his valuable work on the Saint Louis

Bridge, Professor Woodward shows that the arches were not

closed by this method. In this connection I should like to say that

the statement is frequently made that the tubes of the Victoria

Bridge, at Montreal, were erected upon false-work constructed on

the ice. The examination of the report of the engineer for the

contractors shows no evidence that such was the case. Judging

from this authority, it seems that the false-work was supported on

the bottom of the river, and not on the ice.

The arched span of the Garabit Viaduct in France, shown in

Fig. 23, affords an example of erection very similar to that em-

ployed on the Ead's Bridge. The viaduct consists of six spans,

Fig. 23. Garabit Viaduct in France.*

one of which, the river span, is an arch of an approximate length

of 541 feet. The mean rise is about 213 feet. The upper portion

of Fig. 23 represents the appearance of the structure at the begin-

ning of the erection of the river span. The towers had been com-

pleted and the trusses pushed out from the banks till their outer

ends protruded over the opening, as shown. The arch panels

nearest the piers were next erected on false-work and then sup-

ported with cables from the overhanging trusses above. This is

shown in the upper figure and in the lower one on the left. By
means of the overhead cables and sheers which rested on the com-

pleted portion of the arch, the material was raised, piece by piece,

from cars running on a temporary trestle beneath and placed in

position. As work on the projecting portions of the arch pro-

gressed more cables were added to give the necessary support. In

this manner the span was finally closed, the measurements having

*From "Viaduc de Garabit." Boyer.
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Fig. 24. Niagara Arch. Pennsylvania Steel Company.

Fig. 25. Toggle of Niagara Arch.
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been so accurately made that no adjustments were necessary to

place the central members in their proper positions.

The new two-hinged arch bridge over the gorge at Niagara

Falls, illustrated in Fig. 24, was erected as a cantilever by building

out simultaneously from each side. Each projecting portion was

supported at the skew-back, and at the top were attached eye-bars

extending back horizontally to an anchorage in the rock. The
arches could thus be supported without false-work during erection.

In order to facilitate the closing of the arches at the center, a larsre

Fig. 26. Panther Creek Viaduct.

toggle-joint was inserted in the line of the horizontal anchorage

just mentioned. By means of a vertical screw in this toggle the

position of the outer end of the projecting arm could be varied.

This joint is shown in Fig. 25.

The last type of structure to which I shall call your attention is

the viaduct. These are erected by gin-poles, derricks, etc., or by

a traveller which rests upon the finished portion and overhangs a

sufficient distance to erect the next tower adjacent to the finished
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portion. After the tower is complete, the girders are placed across

the opening from the finished portion, upon which the traveller is

supported, to the tower ahead. The traveller is then moved for-

ward and another tower is erected in the same manner as the pre-

ceding. Fig. 26 represents the erection of the Panther Creek

Viaduct in Pennsylvania. The photograph was taken just as a

section of the tower was being placed in position.

DISCUSSION.

Mr. J. Parker Snow.—The author speaks of the difficulty of

erection that occurs when proper care is not taken by the designer

in keeping rivets out of the way of the parts which must be assem-

bled in the field. Another trouble with rivets often occurs when,

from careless designing, they are placed where they cannot be

easily driven after the structure is erected.

Trouble often arises also where riveted chord sections are so

designed that they have to be telescoped endwise in order to get

them in place. It is often thought by designers that all rivets

possible should be machine-driven at the shop, and they make
the mistake of shop-driving one end of the splice plates, leaving the

sections to be telescoped in the field in order to get the whole in

place. If these are so designed that the chord can be driven to-

gether sidewise, it is sometimes not difficult to do it, but if it must

be forced together endwise the difficulty is considerable. A maul

or battering ram will have considerable effect in driving a chord

sidewise, but not much if it is attempted to drive it endwise. A
little care on the part of the designer will make these joints so that

they can be put together quite easily, but it is better to leave more

rivets to be driven in the field than seems absolutely necessary

rather than to drive too many in the shop, thinking to thereby save

field work.

Trouble and delay occur also when stringers of a railroad

bridge are headed into the floor beams where there is no shelf angle

put under the ends of the stringers to support them before the

rivets and bolts are inserted. The ordinary method of putting up

a railroad bridge, as was not perhaps quite clearly brought out by

the paper, is to put up the trusses first and then take out the floor

of the false-work and put in the new floor of the bridge. The

passage of trains is but little hindrance in erecting the trusses, but

in putting in the new floor a large amount of extra work is involved

if it is necessary to restore the track to allow a train to pass before

the span is completed. Hence this part of the work is generally

done at night, or on Sunday, when trains are few. Even then the
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time is short for all the work to be done, and the floor should be so

designed as to go together with the least possible trouble. Where
there is no shelf angle under the ends of the stringers, they

must be hoisted exactly right, so that the holes will match, in order

to insert a bolt or pin. This is a very difficult thing to do with a

steam purchase, because the stringer binds between the floor

beams, of course, and when the strain is sufficient to start it it will

come too far, whereas if there is a shelf angle for it to rest on it

need only be landed on that shelf, when the hitch can be cast off

and made ready for the next hoist. If there is no shelf angle, after

you have erected one panel and attempt to put in the stringers of

the next panel, all the bolts must be taken out before you can put

in these stringers, and you have to support the last stringer put in

as best you can until you get the second panel in place so that

both can be finally bolted up. Time is precious when erecting

floors, and these shelf angles accelerate the work enough to pay

many times for their cost. A double-track floor can be erected

with them as rapidly as a single-track floor without them.

The speaker stated that one advantage of pin-connected

bridges was that trains could run over them before any riveting was

done. It is almost universally necessary to do this in the case of

riveted bridges also. I generally prescribed in such cases that

about one-half of the holes shall be filled with bolts. This seems

to be sufficient to carry the loads without distress to the bolts and

other connections. It is generally quite difficult to get a foreman

to put in as many as that. There is no trouble, with proper pre-

cautions, in running over a bridge of any kind before the rivets

are driven.

The paper did not mention the use of derrick cars to any great

extent in the ordinary erection of a truss bridge, but it is possible

to put up bridges, and it is frequently done, with self-propelling

derrick cars alone, without the use of a traveller. In erecting

trusses, however, I think the traveller is, on the whole, preferable,

but the difference is not great. It is in every way possible and

very convenient to put them up with the derrick cars, and in chang-

ing the floor I think the cars have the advantage. They take up a

part of the old floor, carry it ashore, and land it where desired, and

carry the new iron in and put it in place, and when it comes to re-

moving the false-work, the derrick cars are of great advantage.

The traveller cannot be used for this, of course, because it must be

taken down before the false-work is removed. This method of

erection is used largely by only one concern that I know of,

namely, the Boston Bridge Works. Of course, if a bridge is to be
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erected several hundred miles from headquarters, the transporta-

tion of derrick cars is an objectionable feature, but where it is not

far away from the home shop the freight on them does not amount
to much.

It is not so difficult a matter to erect a bridge and maintain

railroad traffic over it while it is being erected as many seem to

imagine. In the case of a highway bridge, however, the travel

must be shut off. In some cases, but very seldom, it is advisable

to throw the traffic onto a temporary trestle running around the

site of the bridge. This occurs in the building of some stone

arches, and sometimes in building piers in a wide river. Ordi-

narily it is not advisable on the score of economy. It is more often

advisable to build the bridge at one side of its final position and

slide it into place when completed, but this is seldom necessary.

In erecting drawbridges, either the trains must be discontinued or

navigation closed until the bridge is practically completed.

One point that was not touched on in the paper, but which is

frequently mentioned in specifications, is the use of drift-pins in

erection. Specifications often require that "no drift-pins shall be

used." Now, that is absurd, for it is next to impossible to erect a

bridge without the use of drift-pins, and, if properly used, they do

no harm. In fact, it is hardly possible to damage a fair hole by

drifting it. The specifications under which I work say that "no

drifting to enlarge unfair holes will be allowed," and that, I think,

is about as far as an engineer has any business to go in saying what

the contractor shall use. If the structure is not injured the con-

tractor ought not to be limited as to the tools that he may use.

It is a question whether it is best for the railroad companies

to erect their bridges or to let the bridge companies do that part of

the work. Some railroad companies do all of the erecting and

others do none. It seems to me advisable to modify both of these

customs, and to have the railroad company do such erecting as it

can with the tools it has, and, when the work gets beyond the

capacity of those tools, to allow the contractor, who is specially

fitted up for it, to do the work. In the case of deck plate girders

and the like, such as described in the paper, a railroad which is

fitted up as the Boston and Maine is, for instance, can do the work

of erection much better than a contractor can.

A car pile-driver is an excellent thing for handling one end of

plate girders. Two of them cannot very well be used, but the

driver can be used at one end, running it up to the end of the bridge

and hoisting that end with it, and then by means of a gallows frame

at the other end, or by means of a timber underneath the bridge
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projecting beyond the sides of the car to allow the use of jacks,

that end can be raised, the car withdrawn and the bridge lowered.

It is ordinarily much quicker to do this by means of a gallows

frame than by jacks, because with the gallows frame the hitch is

made, and when the car and false-work are cleared away it is a

matter of but a few minutes to lower the bridge to its place.

Heavy plate girders can be handled in this way very readily up to

75 feet span, at least.

Mention was made of erecting plate girders singly, one at a

time. Unless the girders are tremendously large, I think deck

girders had always better have the floor or bracing riveted in.

They can be handled and shipped in this way with much less risk

of injury than if single. It is also more economical, because there

will then be no riveting in the field, and the erecting is all done in

one piece.

Mr. B. W. Guppy.—In erecting the trusses of the Boston and

Maine Railroad drawbridge over Millers river, a tool was used not

mentioned in Mr. McKibben's paper, namely, a pile-driver, in this

special case mounted on a scow.

The bridge was originally a double-track wooden jackknife

draw, and was rebuilt, in connection with the building of the

Northern Union Station at Boston, as a four-track iron jackknife

draw.

The trusses were built under a separate contract from the gal-

lows frame, and arrived at the bridge site riveted up complete, the

longest truss being over 90 feet long. The erection of the trusses

was done by the railroad company .

The trusses of the two additional tracks were first put in place.

The loaded cars were run out onto the wharf along the river and

the trusses picked up by the scow pile-driver, carried to the bridge

site and lowered into place. Travel was then turned onto the new
tracks, the pile-driver dismantled and passed under the bridge at

low water, and then put in order again and used to remove old

trusses, drive piles for foundation and put the other four trusses

in place. These were erected by running the loaded cars onto the

trusses previously erected, picking up trusses with the scow pile-

driver and lowering them into place.

The gallows frame was erected by the contractor who built it.

It is 70 feet high, spans four tracks, and has a width of 30 feet at

the base.

It was designed and built in as few pieces as possible, and was

erected by means of gin-poles. One was used at first, but when
the flying strut was put in place it was necessary to make use of a
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second. Erection was done during the winter, and arrangements

were made with the coal companies up river to hasten or delay

their vessels so that traffic by river would be delayed as little as

possible. As it was, the draw was closed for about six weeks.

There was no interruption to railroad travel.

Mr. Horace J. Howe.—In this connection I am reminded of

the erection of the two island spans of the Chemung River Bridge

of the Erie Railroad, at Elmira. The spans were made up of two

pairs of plate girders, about 70 feet long, which were unloaded by

means of two derrick cars on each side of the double track, block-

ing or cribbing having previously been prepared up to the level

of the tracks. All parts were assembled and riveted up, and the

whole was then slid over on greased rails by hydraulic jacks, the

heavy traffic meantime being taken care of on the other track.

Quite a number of persons were anxious to claim credit for the

idea afterwards.

Mr. F. P. McKibben.—The method just described, that is,

erecting the new bridge completely alongside of the old span and

then shifting the two structures laterally till the new span occupied

the position formerly held by the old, was used very effectively in

replacing Bridge No. 69 on the Pennsylvania Railway, near

Girard avenue, Philadelphia.

The time required for the removal of the old and the simul-

taneous substitution of the new span was 2 minutes and 30 seconds.

The entire erection required about two months.

17
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RAINFALL AND RUN-OFF IN RELATION TO SEWERAGE
PROBLEMS.

By Walter C. Parmley, M.S.. Member of the Civil Engineers' Club
of Cleveland.

[Read before the Club, February 8, 1898.*]

The relationship existing between the rate of precipitation and

the proportion of the rainfall which finds its way immediately into

the sewer is one of great importance to the sewerage engineer. If

the sewer that he constructs be of excessive size, the cost in excess

of that warranted by the actual needs is money wasted. On the

other hand, if the sewer he builds proves inadequate, not only must

the engineer endure the righteous censure of the community, but

the sewer may be ruptured and cellars become filled with water,

thus inflicting immediate damage to property, or, what may be still

worse, cause a general depreciation in the neighborhood impossible

to estimate in money value.

The subject, therefore, has been given much study by

engineers, and various formulas expressing this relationship have

been proposed. None have proved entirely satisfactory, since,

from the nature of the case, they must be empirical and subject to

many elements of variation and uncertainty. The discussion

naturally falls under two heads: first, the probable intensity of

rainfall, and, second, the finding of a suitable mathematical expres-

sion of the laws governing the concentration of the water in the

sewer.

RAINFALL.

Valuable data have been collected by Kuichlingf regarding

the intensity of rainfall, and by Professor Talbot,^: who reduced

to graphical form most of the data then available. The recent

report of the Sewerage Commission of the city of Baltimore also

contains additional information.

Most of the information on the subject gives intensities for

rains of varying durations, but does not give a continuous record

of the progress of each individual storm. In Figs. 1, 2 and 3 are

shown graphically the record of all those rains, exceeding one inch

^Manuscript received March 7, 1898.—Secretary, Ass'n of Eng. Socs.

fTrans. Am. Soc. C. E., Vol. XX.
JTechnograph No. 6, of the Univ. of 111., 1892-93, and abstracted in the

Eng. News, July 21, 1892.
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rainfall in one hour, occurring in the United States in 1896, which

were recorded on Government automatic rain gauges. The data

from which they are prepared are those given by the Weather

Review and published in Engineering News, June 24, 1897, p. 387.

Table I gives the intensity of precipitation for each five-minute

period during the first hour, and is valuable as showing the fluctua-

tions and behavior of storms during their passage. It is to be

noted that only storms yielding at least one inch of rainfall in one

hour or less are here recorded. Other storms of like or greater

intensity occur which might tax the capacity of a sewer even more
severely, but this record includes only those storms which not only

were intense, but were* unusually persistent in their nature.*

By casual observation, the following facts may be noted: In

the five North Atlantic cities there were six storms yielding one

inch of rainfall in an hour, or each city experienced at least one

such storm. There were four storms yielding 0.75 inch in thirty

minutes, or at the rate of 1.5 inches per hour; and there we're two

storms yielding 0.62 inch in fifteen minutes, or at the rate of 2.5

inches per hour.

In the nine South Atlantic and Gulf cities there were storms

yielding the following intensities: In one hour, at the rate of 1

inch per hour, 27; thirty minutes, at the rate of 1.5 inches per hour,

19; for fifteen minutes, at the rate of 2.5 inches per hour, 5.

In the fifteen Central and North Central cities there were : For

one hour, at the rate of 1 inch per hour, 27 storms; for thirty

minutes, at the rate of 1.5 inches per hour, 23 storms; for fifteen

minutes, at the rate of 2.5 inches per hour, 11 storms. Of this

group of cities only Chicago, Cincinnati, Denver, Dodge City,

Kan., and Nashville failed to have at least one storm at the rate of

2.5 inches per hour for fifteen minutes.

*There occurred in Cleveland, for example, during the year, two rains

which were more severe than some recorded; but, as neither yielded one

inch of actual rainfall in one hour, they do not appear in the above table.

That they were severe storms, the following rates, in inches per hour, for

various intervals, will show: Storm of June 7, 1896: For 5 min., 3.60 in.

per hr. ; for 10 min., 2.70 in.; for 15 min., 2.40 in.; for 20 min., 2.10 in.; for

25 min., 1.92 in.; for 30 min., 1.70 in.; for 40 min., 1.42 in.; for one hour,

0.99 in.; for 2 hrs., 0.54 in. Storm of June 24, 1896: For 5 min., 1.80 in.;

10 min., 1.50 in.; 15 min., 1.40 in.; 20 min., 1.20 in.; 25 min. 1.08 in.; 30 min.,

1.20 in.; 35 min., 1.11 in.; 40 min., 1.13 in.; 45 min., 1.07 in.; 50 min., 1.02 in.;

1 hr., 0.90 in.; 2 hrs, 0.55 in. The following rain occurred in Pittsburg.

July 15, 1896, and was reported by the signal observer at the time, but which

does not appear in the above records from the Weather Review: For 5

min., 0.35 in.; 10 min., 0.65 in.; 15 min., 0.90 in.; 20 min., 1.05 in.; 25 min.,

1-35 in -; 30 min., 1.40 in.; 35 min., 1.40 in.; 50 min., 1.45 in.; 1 h., 1.46 in.
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Table I.

Showing the Intensity of Precipitation in inches per hour for Each
Five-Minute Period up to Fifty Minutes and for the Ten-Minute Period

from Fifty Minutes to One Hour, for Rains Occurring in the United States

during the Year 1896.

North Atlantic Cities. PERIODS IN MINUTES.

Baltimore.
1. July 21

2. Sept. 19
Nantucket, Mass

3- July 6

New York.
4. July 6

Portland, Me.
5. Sept. 6

Washington.
6. Aug. 13

0-5 5-10 0-15 15-20 20-25 25-30 30-35 35-40

2.52

3.00

1.44

1.68

4.20

1.44

1.32

3.00

r.56

r.44

.84

.60

.48

•36

.48

.24 •36 •36

•36 .72 .60

2.40 2.64 2.16 2.76 .72 .60 .60 .24

1.44* r.44* 1.44* 1.44* 1.20 2.64 2.16 1. 80

r.68 2.28 5 04 2 40 2.40 2 28 r.32 .84

40-45

r.56

45-50

1 44

.48

1.56

.60

1.32

3-24

50-60

1.38

2.40

•30

South Atlantic and Gulf Cities.

Galveston.
1. March 15

July it

Jacksonville, Fla
March 11

June 4...

June 19
Aug. 4
Aug. 26

Jupiter, Fla.

Jan. 25

July 10

Sept. 9
Key West, Fla.

Nov. 7

New Orleans.
March 10

March 18

April 9
April 14
Sept. 2

Savannah, Ga.
April 24
July 7

Aug. 18

Aug. 26

Vicksburg, Miss.

April 13

June 6

Oct. 22-23

Wilmington, N.C.
Aug. 3

Norfolk, Ya.
June 9

June 22

July 16

1.20 2.40

3 60 1.80

1.68 .72

.84 .84

3.60 3.72
.48 2.64
.60* .72*

.36 .36
1.20 3.00

.84 2.04

.60 .60

.72

1.32

1.80

.48

.48

.60

.24

3.00
.60

1.08

.60

3.00

2.04
.60

.60

•36

3.00

•36

.48 1.44

.36 .60

2.28 3.12

.60

3.00
r.20

6o

4.80

1.80

3-24
3-36

.84

1.44

1.20

.96

1. So

396
1.08

2.16
1.08*

6.00

5-40
.84

3.00
1.68*

.48

2.40

3-24

•72

.48

2.64

1.44 1.20

1.20

r.68

3-84
2.76

•72

.60

4.20

4.80
1.92

1.08

•36

3.00
2.40

.84

.24

4.20

3.00
r.44

2.40

3- 2 4
1.92

2.88

3.00
.48

3.00 r.8o

1.80

3-48
3.00

5-4o

4.08
2 64

r.8o

1.44

.60

4-56
.60

1.44
r.92*

1.68

.96

1.80

.24

.60

3-24
3-96

.60

3.00
.60

1.32

.72

2.40

•36

1.92

2.04

72
84

1-56

1.56

1.32

3-24

•36

1 20

4.20

1.56

.96

.96

.12

.60

156
.72

•36
r.44

3.00
r.8o

.96

1.44

2.40

.r2

r.08

.48

.96

.r2

.24

i-56

2 64

.96

1.80

.60

.96

2.04

.48

1.44

1.92

2.64

.60

•36

.72

4 20

72
.72

.48

.12

r.08

•72

•24

.24

.96
i-56

r.So

2.40

1.08

2. 40

2.04

1.56

2.04

3.60

1.56

.12

3-36

.72

.24*

.12

1.08

36
.72

r.32

r.32

•36

3 60

480

2.04

3.60
r.08

•36

3.60

.12

2.40

72

.24
;

•24

•36

.96
:.8o

•36

:.8o

.60

'.36

.48

.20

• 72

.96

.64

.72

.12

2.64

.72

.48*

.60

.60

.90

r.20

• 24
•30

.24

1.38

•54
.12

.36

•30
.24*

*Partly estimated.
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Table I (continued).
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Central and North Central Cities. PERIODS IX MINUTES.

0-5 5-10 ro-15 15-20 20-25125-30 30-35 35-40 40-45 45-50 50-60

Chicago. 111.

1. May 25 12 .96 5.16 6.60 2. 28 I .36 .24 .12

2

5

Aug. 6 r.20 2.40 .72 3.12 3 36 1.08 .60 T.56
Cincinnati, O.

July 20-21 r.6S 192 1.44 1.56 324 2.16 .6c .S4

Cleveland, O.

4. Apr. 30 3.36 360 360 300 r.20

5. JuneS 4S 1.80 3.60 3.60*3.00*
Denver, Col.

July 25 60 3.00 3.60 2.16 204
Detroit, Mich.

June 25 r.8o 3.60 4.80 1.80 .84

July 26-27 4-56 2.28 .72 3.36 2.64

Dodge City, Kan.

1.80 1 32
3-24*3-24

.84

2.04 1 56

.48 .24

48
1.20 .60

Apr. 16 60 r.20 3.00 3.co 1.80

July 18 2.28 1.92 2.88 2.28 1.56
Indianapolis, Ind.

May 25 3.60 2.40 4.80 .36 96
Sept. 18 60 [.80 2 64 1.56

J3
00

Kansas City, Mo.
May 31 9.60 300
July 18-19 -6o 1.20 3.00 3.00 4.20

Little Rock, Ark.
June 2 3.00 3.00 3.00 240 .48

Oct. 29 72 3.24 r.56 r.68 .72

Louisville, Ky.
June 23 2.40 5.40 640 1.20

J

July 4 72 1.08 6.60 6.00 3.84
Nashville, Tenn.

May 31 60 .36 1.44 132 1.08

July 2 60 1.68 3.00 1.92 1.44

July 12 1.44 2.16 3.60 2.64 2.76

Omaha, Neb.
Aug. 15 4.20 420 4.80 4.20 2.04

Pittsburg, Pa.

Aug. 13 84 2.16 3.00 4.20 2.40 .96

St. Louis, Mo.
May 27 96 r.08 1.92 1.92 2 76 1.56

May 27 2.76 5.16 48
I

.12

2 04 1.80

1.08 .72

2.40 3.60

3.60 2. 64*

•36 -36

.48 .36

2.16

2.88

.48

•72

2.40 4

2 40

.96

.60

2.40

2 40*

V36

1 92^

0-5 5-10 io-rs 15-20 20-25
St. Paul Minn.

26. Aug. 4 1.20 4.32 4 56 4.80 2.40

27. Aug. 9 72 1.56 2.40 2 40 .24

25-30

r.68

1.80 1.32

.24 .24

.12 .12

.96

.96

30-40

.96

.72

40-50

2.04 1.80

.84

.60

1. So

i'.8o*

.36"

1.92*

•36

-36 .30

.96

'•44'

".'36

1.92*

2.64 ;T.20
60 I.44

12 .12

.96 .84

•30

i'38*

•54

1.92*

1.44

•30

1.56

.72 2.16 .60

60

50-6

.84 2.16

.84

^Partly estimated.

From the records given, the following general observations

may be drawn as to the laws of rainfall during the period of great

intensity:

First.—Storms in the beginning have a short period of rapid

increase in rain rate, and later a less rapid decrease in intensity.

Second.—Storms of extreme intensity during the first few

minutes are usually of shorter duration than those which increase

in intensity more gradually.
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Third.—There is usually less fluctuation in the intensity of

storms during the latter end than during the earlier stages of them.

Fourth.—Rains that give the greatest and most prolonged

rainfall are those which increase in intensity at the start compara-

tively gradually, but they are less frequent than those of greater

intensity and shorter duration.

Fifth.—The envelope of all the storms is not a straight line,

but a curve resembling an hyperbola; or, in other words, the longer

the duration the less the intensity proportional to that duration.

Sixth.—The liability to severe storm intensities is about the

same in all parts of the United States lying east of the Rocky
Mountains, though the annual rainfall may vary greatly.

The expected rain rate for any given length of time is most

conveniently represented by an algebraic equation, in which y is

the ordinate representing the rate of precipitation in inches per

hour and t the duration of the storm in minutes of time. On this

basis Professor Talbot proposes two equations (Fig. 4),—viz,

y = '

, which gives an intensity not likely to be exceeded

more than two or three times in a century, and v = —=—
.

, whichJ
1 5 +

1

give a value for y that may be exceeded every two or three years.

Kuichling's equations for probable maximum rainfall rate are

y = 2.10 — o.0205t for storms lasting from fifteen minutes to one

hour, and y = 0.99— o.oo2t for storms of longer duration than one

hour.

The Talbot form of equation seems to conform more nearly to

the law of changing rain rate than do the formulas of Kuichling.

If an equation is desired that will give a value of y which will not

likely be exceeded more than once in every twelve or fifteen years,

we ma}' use y = . . Comparing the values of y thus given

with the maximum rates occurring at Washington for a period of

sixteen years, it will be seen that the formula gives a curve nearly

coincident therewith. Additional curves will be given under the

discussion of run-off formulas.

RUN-OFF.

The ratio existing between the quantity of water precipitated

and the quantity which finds its way immediately into the sewers

depends upon several conditions, and the laws governing them.

The quantity of water which will accumulate at a given point in a

sewer depends upon, first, the size and shape of the area drained;

second, upon the nature of the surface; third, upon the inclination
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of the surface of the ground; fourth, upon the amount of moisture

contained in the soil at the beginning of the rain; fifth, upon the

rate of precipitation; sixth, upon the relative directions and veloci-

ties of the advancing storm and the water flowing in the sewer.

SIZE AND SHAPE OF DRAINAGE AREA.

The larger the territory tributary to the sewer the larger will

be the total discharge, and the longer will be the time required to

concentrate the flood discharge at the outlet. Before the water

from the remoter parts reaches the sewer a considerable quantity

of that falling on the nearer portions will have been carried away.

On a large territory a greater percentage of the rain will soak into

the soil, or evaporate, than on a small territory, and hence less

will immediately reach the sewer. The shape of the land drained

has also an important effect upon the rate at which the flood dis-

charge will reach the sewer. A long, narrow strip of country will

manifestly charge a sewer less heavily than one of square or circu-

lar form.

NATURE OF THE SURFACE.

The more impervious the surface, either from the character of

the soil or by reason of buildings, pavements, etc., the greater will

be the proportion of the total rainfall that will immediately reach

the sewer.

INCLINATION OF THE SURFACE.

Obviously, the steeper the slope the quicker will the water

find its way into the water courses, and hence the greater will be

the volume which the sewer must carry.

MOISTURE CONTAINED IN THE SOIL.

When the ground is dry the first water that falls is absorbed,

and a considerable quantity of run-off can usually take place only

when the upper layers of the soil have become nearly or quite

saturated. During the colder seasons of the year heavy rains

sometimes occur when the ground is frozen, and may even

augment their volume from melting snow. These floods are some-

times the most difficult for a sewer system to carry off. If a heavy

rain has immediately preqeded, so as to thoroughly saturate the

soil, the subsequent precipitation will nearly all flow into the

sewer, and is thus the severest test upon a system.
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RATE OF PRECIPITATION.

A slow, drizzling rain will either be largely absorbed or will

reach the sewers so gradually as to produce but slight flooding.

On the other hand, a short, severe dash, even though the soil may
be dry, will flow off very rapidly, and may cause great damage un-

less adequate provision has been made in the capacity of the sewers.

The study of these sudden downpours forms one of the most
important elements in the design of sewers.

DIRECTION AND VELOCITY OF STORMS.

This element in the problem is believed to have been first

noticed by our fellow-member, Mr. C. G. Force, Jr. It is evident

that if a storm advances in the same direction that the water in the

sewer flows a greater flood wave will be formed, and a larger sewer

will be required than if their movements are in contrary directions.

Again, if the storm travels more rapidly than the water in the

sewer, while the directions of their movements coincide, the first

water which reaches the sewer will always be in the rear of that

which falls nearer the outlet, and so will not combine with the

latter to form as large a storm wave in the sewer as would be

formed if their rates of movements were the same. In like man-

ner, if the storm advances less rapidly than the water flows, the

flood wave in the sewer will precede the flood wave at the front

edge of the storm, and, as in the last case, the maximum accumula-

tion of water will not occur. If the movement of the storm is at

right angles to the direction of the flow in the sewer the storm

moves across the path of the flowing water, and we have the ordi-

nary case of the water from the lower portions of the territory

being discharged before that from the upper portions reaches the

outlet. No abnormal accumulation of the water can thus occur.

It is clear, therefore, that, in order to produce the greatest

rate of discharge, the storm must travel in the same direction that

the water flows and at the same velocity. We will now endeavor

to establish a mathematical expression for the volume of run-off.

GENERAL FORMULA FOR RUN-OFF.

In order to be entirely general it would be necessary for the

formula to contain a factor for each of the six foregoing elements.

For simplicity, we can omit the fourth element, the amount of

moisture in the ground at the beginning of the storm, and the sixth,

the direction of the storm movement, because, for safety, it is advis-

able in using rain formulas for sewerage purposes to consider the
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ground to be saturated, or nearly so, at the beginning of the storm,

and to consider the direction of the storm movement to be taken

into account by varying the intensity of the rain rate. We can

also omit the element of slope, if the rain rate be taken for a length

of time sufficient to concentrate the water from the entire area,

since the slope is involved implicitly in the time element. Our
formula will thus contain three variable factors. If we let f = the

percentage of the rainfall that enters the sewer, the remaining por-

tion of the rainfall soaking into the ground or evaporating, y = the

rate of rainfall in inches per hour during the interval required to

concentrate the water from every part of the area drained, and

A = the area of the drainage surface considered, in acres, we have

the following general formula for the total number of cubic feet

per second from the total area drained: Q = F (f y A); that is to

say, Q is some function of the variables f, y and A. The shape of

the territory does not enter into the formula, as it is assumed that

the formula will be applied only to areas the lengths of which are

not more than three or four times their breadths. The problem

then is to find the proper numerical values of the factors and the

form of the function in which they severally enter the formula.

AREA.

If the ground were perfectly impervious the entire amount of

water precipitated, less evaporation, would ultimately drain into

the sewer. Under these conditions, if we let T represent the

duration of the storm in hours and O 1 the total quantity of dis-

charge in cubic feet for a given area A, and y, as before, the rate of

rainfall for the time T, we have Q 1 = — =3630 A y T;

but since there are 3600 seconds in one hour, and since it is usually

more convenient to state the quantity of water discharged in

terms of the rate of discharge, as so many cubic feet per second,

we have Q = - ,j, = 1.0083 A y> or > sufficiently accurate for

practical purposes, Q = A y. But this discharge could only be

realized when the area is perfectly impervious, and when the rain

rate continues unchanged for a period of time sufficient to cause

each square foot of the area to contribute to a given point at the

same time.

POROSITY OF THE SURFACE.

In no case, except for small areas, such as paved courts, roofs,

etc., do we find the surface entirely impervious. In ordinary
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practice only a portion ot the total rainfall is discharged immedi-

ately into the sewer. A part of the water soaks into the soil to be

drained off gradually, or to be evaporated without ever reaching

the sewer. Experience shows that this absorption for short storm

dashes, such as tax a sewer most severely, is independent of the

slope of the surface or of the area of the district drained. The
percentage of the total rainfall reaching the sewer immediately is

affected, however, by the rate at which it is precipitated. Since,

in sewer designing, maximum conditions must be provided for, we
usually are interested only in the percentage of the total rainfall

discharged when the heaviest rain occurs for which provision is

to be made.

It is frequently assumed that this percentage in some way is

proportional to the density of population, and tables have been

prepared which are supposed to give the relationship. In my
opinion such comparisons are untrustworthy and misleading. It

is necessary to distinguish clearly between business and residence

districts. In business areas no such criterion can be applied,

because the population varies so widely between night and day.

In the business center of Cleveland, such as the blocks

adjacent to Superior street ana west of the Public Square, the

actual paved or roofed surface is from 88 per cent, to ioo per cent,

of the entire area. Where there are small open spaces they may
be considered impervious, because they occur only in small spots,

and are so compacted that during a heavy rain practically all of

the water falling thereon will flow directly to the sewer. In such

districts, therefore, the population criterion is not admissible.

Estimates of the impervious area,

—

i.e., paved and roofed sur-

faces,—in the residence district of the city, where all of the lots are

of good size and occupied by at least one house, vary from 25 to

50 per cent, of the total area. For districts where the lots are not

so large the impervious area may run as high as 70 per cent. In

sections intermediate between business and residence districts,

those occupied by flats, boarding houses, etc., the impervious area

will be still greater. In these estimates the entire street is sup-

posed to be impervious, for if there be a narrow strip of lawn

between the sidewalk and the curb, being narrow and having

transverse drainage, the water flows to the gutter nearly as

quickly as it would if paved, since all our calculations suppose the

soil to be saturated.

In order to show that the proportion of impervious area is

not entirely dependent upon the density of population, the follow-

ing estimates of the relationship are given

:
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Block Boundaries. Pres. Imp. f.
Ultimate
Imp. #.

Pop. per
Acre.

i. Sibley, Cedar, Case, Kennard,

2. Clinton, Alley, Kentucky, Duane,..

3. First, Slater, Quincy, Scoville,

4. Jersey, Penn, Bridge, Carroll,

5. St Clair, South alley, New alley, Muirson,

6. Laurel, Sterling, Central, Scoville,

7. Rockwell, Tneresa, Bond, Erie,

28.8 28.8 23

46.7 50. 23

24 2 43-7 35

50. 67.8 39

38. 51- 52

22.6 53-5 55

65.2 6S.5 Si

No. 1 is a block with fair size lots with large houses. Nos. 2

and 4 are well-to-do residence property. Nos. 3 and 6 are occupied

by a greater number of smaller dwellings. Nos. 5 and 7 are

dense old residence areas contiguous to the business quarter. A
glance at these figures will show that the impervious area is

governed by other factors than density of population.

The value of f is made up of two elements: first, the actual

impervious area which contributes all of the falling water to the

sewer directly; and, second, a certain percentage of the water

falling on the pervious area. For example, suppose a case where

the actual impervious area were 40 per cent, of the whole, and

suppose that one-fourth of the water falling on the permeable sur-

faces unites with that from the impervious area to form the run-

off, then we have for the value of f, f = .40 + - - = .55. The pro-

portion of the water flowing off immediately from lawns and

similar surfaces ranges probably from .15 to .25, but hard-beaten

surfaces of yards devoid of grass in the close quarters of a city will

doubtless discharge nearly all of the rainfall directly into the sewer.

The safest method is to make trial calculations of the actual imper-

vious areas in the portions of the city where conditions have

reached something near their final state, and from values so

obtained, after adding a certain percentage as just explained, adopt

a value for f suitable to the case in hand. Each city must be

governed largely by local circumstances regarding this factor.

However, for safety in business districts the factor should not be

taken less than 1.00, and, as will be shown in the case of some of

our own sewers, 1.25 would probably be a safer value to use.

For residence areas it is probable that a value exceeding .75

will rarely be necessary. For those districts that are neither

business nor residence, but partake of the conditions of both, the

engineer's judgment must be the guide. For sparser areas smaller

values will be used, but for cities of metropolitan dimensions it is

not safe to assume that the population of any region will long

remain sparse.



2i 4 ASSOCIATION OF ENGINEERING SOCIETIES.

RATE OF RAINFALL.

It becomes necessary to fix the proper value of y to be used in

the above equation. Assuming for the moment that Talbot's

equation, y = ———, gives the correct intensity for a given case,

before we can fix the value of y we must find the length of storm

required to concentrate the water from the whole area at the given

point. In order to do this we must take account of the inclination

of the territory, make a rough preliminary calculation of the prob-

able value of Q, obtain the required size of sewer to carry the

volume Q, from which, knowing the grade of the sewer, the

velocity therein can be calculated. An estimate of the distance

that the water must travel from the remotest point of the area

under consideration must be made, and this distance divided by

the velocity will give the length of time required for the water in

transit. To this time must be added an estimated interval required

for the water to flow along the ground to the gutters, and from

thence to the catch basins. Having the time thus given, by the

above equation or by any other, the value of y is calculated. This

value may now be introduced into the formula, and the value of Q
determined.

This, however, is a slow and tedious process, and one that the

engineer is reluctant to use. A shorter way to the same result is

therefore desirable. Of the many formulas which have attempted

to abridge the above process, the Burkli and McMath formulas

are the best known and the most frequently used. The Burkli

formula is

Q = fr ylTAf.

and the McMi.h formula is

Q = fr ^ITA*
in which r is the intensity of rain rate for a small interval of time

to be determined, and s is the slope of the sewer in feet fall per

iooo feet.

Writing these equations in the form O == f y A, we have, for

the Burkli formula,

cmQ =M ^7= A
y a

r y s

in which y = —

=

y a
and for the McMath formula,

Q='(-W/a /
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r <y~r
in which y —

c ,
•

<y a
As the value of the time, t, is involved only indirectly in s and A,

further reductions are necessary in order to complete the trans-

formations and to thus be able to compare the value of y derived

from the above equations with observed rainfall records, and so

ascertain their relative merit.

For the present, assume a rectangular area the width of which

is x feet, and the length of which is 3X feet. We then have

A = ^ , from which x = 120V AT approximately. The

greatest distance which the water must flow to reach the lowest

corner of the area is the length of one side and one end, or 4x5

therefore the maximum distance to be traversed by the water is

480VA. Now the velocities of water in various sizes of sewers

having an inclination of one to the thousand when flowing full or

half full is, for 1 foot 6 inch sewer, 1.5 feet per second; 2 feet

sewer, 1.9 feet per second; 3 feet sewer, 2.5 feet per second; 4 feet

sewer, 3.1 feet per second; 5 feet sewer, 3.6 feet per second; 6 feet

sewer, 4.1 feet per second. If we take 2.5 feet per second as the

average velocity for moderate size areas, having a slope of 1 foot

per 1000 feet, and assuming, for the present, that the velocity for

other slopes are proportional to the "y/s, the velocity for any slope

will be, roughly, 2.5 Vs feet per second, or 150

V

s feet per minute.

The time, t, in minutes, necessary therefore to concentrate the

water from the area A will be

4S0 1 A 3 21 A

1501 s 1 s

This value of t being the time only which is consumed by the

water in flowing the distance 4X, we must add thereto some arbi-

trary number of minutes to represent the time required for the

water to accumulate on the surface and to flow along the gutter to

the sewer.

Supppose, therefore, a unit area, A, of one acre, 121 feet wide

and 360 feet long, which is not unlike the shape of an ordinary

city lot. Suppose that 5 minutes be required for the water to

accumulate upon the ground and to flow 120 feet to the gutter;

and if the velocity in the gutter be 2 feet per second, 3 minutes

will be required for it to flow along 360 feet of gutter to the sewer;

in all 8 minutes. Or, if the lot fronts with the end to the street,

allowing say 2 minutes for the water to accumulate on the surface,

and one foot per second as its rate of progress over the surface to

the gutter, we have 2 minutes plus 6 minutes, or 8 minutes, as
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before, required to reach the sewer. It is probable therefore that

from 8 to 10 minutes should be added to the time as above deter-

mined in order to get the required time to concentrate the water

in the sewer. We therefore have the equation

-5 2 1/ A
t = J ,_ h 8

1

from which A= &)'
Substituting the value of A in the equation

J -79 r

and reducing we have y = —=•
1 t-8

By the same method for the McMath formula we obtain

_ -59 r

^(t-8) 2

'

These equations give a value of y for each changing value of

t, and are therefore rain formulas which can be compared directly

with records of actual rainfall. The factor r, however, remains to

be interpreted, and its proper value assigned.

The Burkli and McMath formulas each involve four inde-

pendent variables, A, f, s and r, and we may therefore assign any

values to A, f and s without changing the value of r. If, therefore,

A = I, f = 1 and s — 1, the formula reduces to Q = r, in which, as

already explained, r is the intensity of rain rate for the length of

time necessary to concentrate the water from one acre of land, or,

as already shown, the intensity for an 8 or 10-minute dash.

Let us assume that r = 4, a value justified by inspection of

Figs. 1 to 4, and we have the equation of Burkli and McMath
7.16

respectively, y

and /
=

(t-8)*

The completely reduced Burkli formula becomes then Q = f y A r

7.16
in which

l/t-8

3-2 V A
and in which t = — +8

1 s

and the McMath formula becomes Q = f y A, in which

6.36

t-8!
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and in which
3.2 1 A

+

These formulas are consistent and rational, providing one

thing further is verified,—viz, the correctness of the value of t as

given by the preceding equations. In order to make an actual

test of the value of t the following table is constructed, in which the

calculated times are given for various areas for the concentration

of the water by the various methods shown.

Table showing actual and calculated times, t, required to con-

centrate the water from various areas:

No. of Acres Drained.

Actual s= 1, t

Burkli and McMath ...s = i.t:

Proposed s = 1, t=

8 V A
Velocity

3.2 y a

V~s~~

3.2 V~A~

+

New York Diagrams, is = i,t= 32
^

A +
SO.3

Actual

Burkli and McMath....

2, t

2, t

Proposed s= 2, t—

New York Diagrams, s = 2, t=

8 V A
Velocity

3.2 l/~A~

V~s~
3.2 t/~a~

sH

3 2 t/~A~
S0.9

+ 8

+ 8

+ 8

+ 8

Actual s= 4,t:

Burkli and McMath.... s = 4, t-

Proposed s = 4, t

New York Diagrams, s = 4, t

:

8 V A
Velocity

3.2 t/~A~

}Tr_
3-2 V A

sH

3.2 l/
-^

Actual s= 16, t

Burkli and McMath.... js = 16, t^

Proposed s= i6, t =

New York Diagrams, s= 16, t -
1 "T +

i6co 400

73 46

136

136

136

55

99

84

76

72

72

72

36

53

46

42

42

72

53

29

40

31

45 26

27

40

24

19

'9

24

16

13

30

40

40

40

24

3i

27

25

75
[

50 25

25 22

19

22

18

16

24

21

20

24

24

24

18

19

18

17

16

16

14

13
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The first value of t tabulated for each slope is found by making
a preliminary estimate of the total amount of storm water dis-

charged from each area on the given slope. From this quantity,

with the slope, the diameter of the sewer required and the average

velocity of flow therein is obtained. Assuming in each case that

the length is three times the width, the total distance traveled, 4x,

divided by the mean velocity will give the time occupied by the

water flowing in the sewer, and finally, 8 minutes are added to give

the total time required for concentrating the water at the lower

end of the sewer.

By comparing the values of t, tabulated, it will be seen that

the equation reduced from the Burkli and the McMath formulas

give good results for small areas, but as the size of the area

increases the error becomes considerable. The effect of the error

is to make the quantity Q, or storm water discharged, from large

areas too small. It was apparently for the purpose of correcting

this tendency in the Burkli formula that induced McMath to pro-

pose his modification of the equation; and the same difficulty is

sought to be overcome by the formulas in use at Washington,

where excessively large values of the constants are used.

The key to the difficulty lies in the equation for t, and much
of this tendency to error is eliminated by the following further

modification. Let

- 1 A-fr^sA

rylT

V e/A /

Here, again, y =
s V A

in which, by a process similar to that already - sed,

x 480 1

/_
aT

,

3.2 i/~a7
o — ; -T *

150 V s

from which A =m
Substituting the value of A in the equation for y and reducing, we

have

1.47 r

And if, as before, r = 4, we have

5-88
y =

^t=8

3.2 y' A
in which t = h 3-
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In the above table the values of t are given by this formula

also, and these values are observed to correspond much more
closely to the correct ones than do those deduced from the Burkli

and McMath formulas.

The element of rain intensity given by the "New York Dia-

grams," published in the recent report of the Sewerage Commis-

sion of the city of Baltimore, also agrees much more closely with

the true time than do either the Burkli or McMath formulas. This

formula, using the same notation as before, is

Q =frs •" A-85 = f

r <;

in which y

m
A - 15

By repeating the process used in the former cases, the equation for

time becomes

4801/^7 3.2 y'Tt= 4 V
,

+ 8= V + 8
150 s - 9 s - tf

(t-8) 2

from which A = s
10.24

Substituting the value of A in the above equation for y, and reduc-

ing, gives

1.418 r

y —

and if y = 4, the equation is

ft--8)-
3

5 .67

(t--8)- 3

3-5w~K
hin which, from above, t

The values of t for the various slopes and areas are given in the

table above. It will be noticed that these values, in some instances,

agree very closely with the true values of the time, and while it

gives more accurate values of the time for flat slopes than the

formula proposed, for the steeper slopes the values become too

short. In other words, the tendency of the formula is rather to

exaggerate the effect of slope on the time required to concentrate

the water at the sewer. The proposed formula, in addition, has

the advantage of being easier to apply to problems in actual prac-

tice. It will be noticed, however, that none of them give the

correct time for large areas on very flat slopes. This is partly that,

for such large areas, 2.5 feet per second is too small a mean velocity

on a slope of one in a thousand to assume for the flow of the water

18
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over the entire area, and partly from inherent defects in all of the

expressions for the time, as it is difficult to express all the varying

conditions in a simple formula. The error, however, for either of

the latter formulas is not serious, for by consulting Fig. 4, in which
several rain curves are platted, it will be seen that for areas large

enough to require an hour or more to concentrate the water a

considerable error may be allowed in the value of the time, t, with-

out seriously affecting the value of the rain rate, y.

Now, by using Fig. 4 as an over-sheet to Figs. 1, 2 and 3, the

comparative merits of the formulas are rendered apparent by the

rain records of the year 1896. Comparison is also made with the

Talbot, Kuichling and other formulas thereon shown. While
logically it may be preferable to use a formula directly in the form

of Q — f y A, yet, owing to the labor of obtaining the value of t

from which y can be correctly determined, practically there is a

gain in using the formula involving y indirectly in the values of

s and A.

In the preceding equations the value of the factor r taken is

4. While this is a value in excess of that usually used in the

Burkli and McMath formulas, notwithstanding the larger results

obtained by the formula involving the 5-6 power of A instead of

the f or 4-5, the results for conditions prevailing in such cities as

Cleveland appear to be none too large. By Figs. 1, 2 and 3 it will

be noticed that very many storms are of greater intensity than

those given by the curve, and the question has constantly to be

asked, "How often is it allowable to permit sewers to be sur-

charged?"

During the years 1895 and 1896 an inspection was made of a

large number of the sewers of the city to determine, as far as pos-

sible, the cases where sewers had been surcharged, and in other

cases how deep the water had flowed. In some cases the markings

along the sides of the sewers were uncertain, but for the most part

they were fairly definite. From such data it is not possible to

determine when a certain flood depth occurred, but the date is of

secondary importance to the fact that a given depth had at some

time been actually attained. General conclusions, therefore, can

be drawn from these observations which are of considerable value.

In many of the main sewers of the city the lateral branches

are entirely inadequate to carry the water flowing to them, and

hence in these cases the rate of run-off cannot be determined. In

fact, there is not at present in the city of Cleveland any large drain-

age area in which the lateral system, as a whole, is adequate to

converge all of the run-off water as fast as it seeks admission to
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the sewers. There are a few small areas in which the lateral

systems are of fair size, and from these only can conclusions of

importance be derived. The following are a few of the cases

investigated

:

Franklin avenue sewer, west of Harbor street, drains about 22.

acres on grades of about .25 feet per 100 feet. The factor f is about

.60. The sewer, No. 3,* and No. 4, has been required to flow with

a surcharge of about 2 feet, and has discharged about 1^ cubic

feet per acre. Taking f, .60, and s, 2.5, and applying the formula,

Q = f r ylT A*, the deduced value of r becomes from 2.3 to 2.6.

Franklin avenue sewer, from Franklin Circle to Taylor street,

like the portion west of Harbor street, is medium residence terri-

tory, with grades of about .40 per 100 feet. The sewer is No. 3

and No. 4, draining about 25 acres. The sewer has flowed with

from 4 to 8 feet of surcharge, making its actual discharge difficult

to calculate. Even if it flowed only its maximum capacity when
nine-tenths full, the volume discharged would be from 1.3 to 2.2

cubic feet per acre. \<\ ith this condition, taking f, .60, and s, 4.0,

the value of r in the above formula would be from 2.3 to 3.8, but,

since the sewer flowed under considerable head, the discharge

must have been in excess of these amounts. • That the congested

condition of the sewer was not caused by backwater from portions

of the sewer lower down is shown by the fact that in both of the

above cases the depth of the water increased as we ascend the line

of sewer.

The Waverly avenue system is greatly overcharged, the water

in the manholes over the entire middle and upper portions standing

from 4 to 10 feet deep. It is not possible to calculate the amount
of water conveyed, but it is evident that the entire system has been

*The egg-shaped sewers in use in Cleveland, except No. 3 below, were

designed by Mr. C. G. Force, Jr., Member American Society Civil Engi-

neers, and have been in use for the last 25 years. The principal elements of

those referred to in this paper are as follows:

Width. Height, Area, Hydraulic radius,
Ft. Ft. Sq. Ft. (sewer full).

3, 2.IO 2.66 4-33 O.58

4, 2-54 3-23 6.35 O.70

5, 2-95 3-74 8 55 O.82

6, 3-33 4-23 10.90 O.92

7, 3-7o 4.69 13-39 I.02

8, 4.04 5-12 16.00 I 11

9, 4-37 5-54 18.72 I. 21

10, 4.69 5-94 21.54 I.29
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greatly overtaxed. Even if it had carried only its maximum flow

when nine-tenths full, we should have at Randall street, just north

of Lorain, No. 4 sewer, grade .25, Q, 25 cubic feet, f, .60, s, 2.5, and

A, 44 acres. Therefore, r equals 1.4. Randall street, south of

Bridge street, is a No. 6, with a grade of .25; therefore the dis-

charge is 55 cubic feet. With f at .60, s at 2.5 and A at 92 acres

the reduced r is 1.7. Harbor street: The sewer is No. 7 sewer, on

.30 grade; therefore Q = 79 cubic feet. With f = .60, s = 2.5,

A = 132, r becomes 1.8. Taylor street, north of Franklin: Sewer

is No. 7, on .56 grade; therefore Q = 108 cubic feet. With f .60,

s 2.5, A 200, r is found to be 1.75. It is evident, notwithstanding

the fact that the laterals are nearly all inadequate, that the value of

r, denoted by the capacity of the sewer when surcharged, must

have exceeded 2.

The Lawrence street system, with areas not exceeding 155

acres, and with sewers up to No. 10 size on .25 grade, the main

sewers have flowed with depths of water at the manholes of from

8 feet to 1 1 feet. The area tributary and south of Payne avenue is

only sparsely occupied by residence property. North of Payne

avenue the dwellings are of medium density, while along Payne

avenue and Superior street there are some business districts.

Taking the average of the territory, the impervious area probably

does not exceed 20 per cent. If one-fourth of the remaining terri-

tory contributes to the flood discharge the value of f is .40. For

safety, call it .50; a value greater than that cannot be allowed.

Taking s at 3, by the approximate calculated capacities of the

sewers, the values required for the factor r in the formula are from

3.5 to 4.5. For this area the lateral system is much better than it

is for the preceding cases mentioned, hence the larger run-off.

Detroit street sewer, from Duane to Pearl: The area is nar-

row and mostly directly tributary to Detroit street, and is occupied

by business property merging into contiguous residence portions.

The impervious area is about .60, requiring a value of f of .75, and

value of s, 3. For block between Pearl and Hanover the tributary

area is about 33 acres. Sewer is No. 9, on .40 grade, with flood

depth of 3.3, thus giving 85 cubic feet discharge. The calculated

value of r, then, is 5. By similar process, for the successive blocks

to the west, the values calculated for r are 3.1, 3.9 and 5.7. The

sewer thus actually carries off, as determined at the several locali-

ties, 1.9, 2.5 and 4.5 cubic feet per acre for areas ranging from 4 to

33 acres. This sewer at no time was surcharged, and hence may
be presumed to have carried off all of the storm water as fast as it

reached the sewer.
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Seneca street sewer drains a total of about 46 acres above

Summit street. The area is almost entirely occupied by large

business blocks, and might be expected to carry off as large a

volume of run-off as any area of like size in the city. All of the

streets are paved, and the actual area covered by roofs and pave-

ments is probably 85 per cent, of the total. Just above Summit
street there is a 5^-foot circular brick sewer, on a .50 grade per

100 feet. The sewer has flowed 5 feet deep, or with a discharge of

222 cubic feet per second. This it at the rate of 4.8 cubic feet per

acre. If, now, we take f = 100, s = 3, A = 46 and Q = 222, r

becomes 7.0. At the manhole between Fountain and Noble

streets the sewer is 5 feet diameter, on .50 grade, and has flowed

full, thus giving 160 cubic feet per second discharge. The tribu-

tary area is about 31 acres, giving a run-off rate of 5.2 cubic feet

per acre. With the same constants as before, the value of r in our

formula becomes 7.0. The sewer immediately north of St. Clair

street is a 5-foot circular sewer, on a 0.50 grade, and has flowed 4
feet deep, giving a discharge of 159 cubic feet per second. The
tributary area is some 22 acres, therefore the unit run-off is 5.5

cubic feet per acre. Using the same constants again, r is 7.4.

Contiguous areas are all fairly well sewered, and it seems doubtful

that any great amount of flood water has reached Seneca street

sewer from other districts.

What conclusions can be drawn from the foregoing observa-

tions? The first, and most obvious, is that, notwithstanding the

poor grades and sewer junctions in some cases, the usual formulas

and unit volumes for run-off, at least as applied to Cleveland, are

entirely too small. The Seneca and Detroit street sewers were

designed in 1892, and built in 1893. If it be assumed, as seems

probable from the rain records, that the flood heights as recorded

occurred during one of the storms of 1896, it is obvious that the

rate of run-off greatly exceeds the rate at which the rain was pre-

cipitated. It would appear, therefore, that in densely built-up

sections of a city the actual flood discharge may considerably

exceed the rain intensity. If such be the case, it is possible that

the water accumulates upon the surface until a condition of

hydraulic head is produced, which forces the water forward into the

sewer as a flood wave with more than its normal flowing rate.

The unit value of run-off to be adopted must be decided after

a consideration of all the circumstances. It is doubtful if a value

less than 4 for the factor of r should be used in a rain formula, and
for business districts even a greater value would be advisable. So
far as investigated, in every case where the sewer is unable to carrv
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at least a rain rate of 2, as used in the proposed formula, the sewer

has been greatly surcharged. This has been the case even where

the territory was only sparsely improved, and even where the

laterals were unable to concentrate the entire run-off at the sewer.

For areas of less than 10 or 15 acres in dense business districts it

is doubtful if any formula can have much value. It is as safe to

assume that a given number of cubic feet of water will flow from

each acre per second, but with larger areas a continuation of a

uniform rate of discharge no doubt tends to exaggerate the sizes

of sewers required, and for such cases reduction formulas are

useful.

In conclusion, the gaugings which have been mentioned are

not supposed to have exact scientific value. It is also probable

that the year 1896 had more than the average number of heavy

storms. In Cleveland the year past was much below the average,

there not occurring an instance of even moderately heavy rainfall.

It should be stated, however, that if curve No. 10 of Fig. 4 be

applied to the rain records collected by Professor Talbot it will be

seen that a considerable percentage of the heavy rains tabulated by

him exceed the intensity shown by the curve, and are about the

same proportion that is shown by the charts herewith given. The
foregoing gaugings show to what degree some of our sewers are

actually taxed, the date when such conditions occurred being of

secondary importance; and, while exact gaugings have not been

taken, the results show clearly that a greater run-off must be

expected than in some cases has been provided for.

DISCUSSION.

Mr. M. E. Rawson.—Mr. Parmley has certainly treated the

subject in a very much more comprehensive way than I could have

done, and I have nothing to add to what he has said. He has

helped to design the Walworth Run sewer, the largest sewer we
have ever built here, and about as large as is built in any other city.

Three sections of the Walworth Run sewer are in progress of con-

struction. We are building another large sewer, a part of the

intercepting sewer system of the city, about one mile of which in

the western part of the city is completed. The statements made in

this paper are not guesses, but are the results of an elaborate study.

To meet with success, the practitioner must be able intelligently to

apply his remedies to the case, and I think that has been thoroughly

done in this instance.

Mr. C. G. Force, Jr.—A study of the records of actual rain-

falls will, I think, justify the use of the 5-6 exponent of A in the run-
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off formula instead of the f exponent commonly used in the Burkli

formula, or even the 4-5 exponent proposed by Mr. McMath, of St.

Louis. The effect is to increase the estimated run-off from large

areas over that obtained by the use of the other exponents. This

I wish particularly to emphasize.

The author of the paper gives prominence to the time element,

and, I think, correctly. Heretofore this feature has not been given

the weight it should have received.

I am in accord with the paper, and believe it is a step toward

the correct solution of the important problem of run-off.
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EFFECTS OF HEATING AND WORKING ON
IRON AND STEEL.

By Prof. H. E. Smith, Member of the Engineers' Club of

Minneapolis.

[Read before the Club, March 14, 1898.*]

To the engineer, who has to deal so extensively with the

metals iron and steel, the processes of their manufacture and the

manifold physical qualities which they may be made to assume are

of interest. Their varying characteristics during and after casting,

rolling, forging, annealing or tempering form a fruitful source of

study and investigation, while some knowledge cf the changes that

these materials undergo in chemical and physical qualities during

these operations is essential to their successful use.

The various kinds or grades of steel may be included in three

general divisions—crucible cast steel, open-hearth steel and Besse-

mer, or pneumatic steel. Each of these classes now has quite a

distinct field of usefulness, and there is but little competition, ex-

cept, possibly, between the Bessemer and open-hearth steels.

The cost of manufacture of crucible steel is greatest, and

there is little dispute as to the pre-eminence of the desirable quali-

ties of this material; but, for many purposes, Bessemer or open-

hearth steels are all that can be desired. A good wagon spring

can be made from Bessemer steel, that will last as long as the

wagon, and it would be foolish to pay more for a longer-lived

crucible steel spring, for it is not likely that the old spring would

be placed on a new cart years later.

On the other hand, there are certain uses, as the manufacture

of metal-cutting tools and in some parts of machinery, for which

the crucible steel has no competitor.

Bessemer steel is probably the cheapest of all grades of steel,

and, for the manufacture of good rails and for certain structural

purposes, it has no rival. It has its limitations, however, due to

the method of manufacture, which offers the greatest liability for

the absorption of undesirable elements, as oxygen, nitrogen, etc.

The rapidity with which the conversion of the cast iron into steel

takes place also presents a barrier to the manufacture of a material

of uniform quality.

For fine boiler plate, armor plate, steel castings and some

forms of structural work, open-hearth, steel has established its supe-

riority to either of the others.

^Manuscript received March 21, 1898.—Secretary, Ass'n of Eng. Socs.
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It is not my ourpose, however, to speak at length on the

various methods of manufacture of these steels, but to confine

myself, chiefly, to the effects of working and heat treatment which

result in bringing out the highest qualities of the iron or steel, or

which partially, or totally unfit the metal for the use intended.

Steel is very sensitive to heat, and the size and structure of the

grain correspond to every degree of heat that is applied.

The evidences of the degree of heat to which the steel has been

subjected are permanent, unless influenced by some external force,

such as hammering or rolling, and offer a ready means by which

the producer can detect a careless workman, or by which the steel

user can decide whether the article furnished him has been prop-

erly handled in the processes of manufacture.

Let us consider some of the characteristics which a piece of

tool or cast steel can be made to assume by the application of heat.

If a bar of tool steel be nicked at intervals, then heated so that the

temperature varies uniformly from that of the air at one end, to

that at which tne corners just begin to melt, at the other end, then

quenched and the bar broken at the successive nicks, the structure

of the bar will be found to have undergone varying changes.

Beginning at the end which was not heated above the tempera-

ture of the air, and passing to each successive piece, we find the

grain or structure of the steel to be the same as that of the original

bar until we reach the portion which was heated to a full red.

Here the grain suddenly changes to an extremely fine and nearly

amorphous form, and beyond this point the crystalline structure

becomes more and more coarse.

There appears to be a maximum degree of coarseness, or size

of grain, for each temperature, varying with the composition of the

metal and rising with the sectional area and with the temperature

and time of exposure.

The rate of cooling also has some influence on the size of the

crystals, especially in large forgings.

A bar of steel 1.5 inches square, when quenched from a very

high temperature, shows coarse crystals on the outside. They
become rigid so quickly that they preserve the form acquired at

the high temperature. The interior of the bar is flaky and might

even be called fine grained, much finer, indeed, than if the bar

had been cooled slowly. This is probably due to the internal

stresses, which tend to break up the crystalline structure of the

center of the bar. It appears to be a general rule that, other things

being equal, the finer the grain the greater the ability of the steel to

resist shock. Thus the means of acquiring and preserving this
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grain are of great importance, and not less important are those of

avoiding the coarse grain. This fine grain may be obtained in two
ways, or under two sets of conditions; one, by suddenly cooling the

steel from the molten state, and the other, which is of more prac-

tical benefit to the engineer, by producing a change in the carbon
from the non-hardening to the hardening form, at the full red heat.

The first method probably breaks up the coarse structure due to

the high temperature by the intense internal strains induced, while

the second causes a sudden rearrangement of the crystals, which
seems to be so violent as to efface all previous crystallization.

Forging and rolling iron or steel oppose and break up crys-

tallization, if they are performed while the iron is at or above the

red heat.*

But, if forging or rolling be completed at a high temperature

and if the piece be then slowly cooled, the higher the temperature

at which the forging ceases, the coarser the grain and the worse
the steel. Hence the importance of a low finishing temperature in

this work.

The superiority of thin over thick forgirigs, which is usually

attributed to the extra work performed on them, is probably due,

in large part, to the usually low finishing temperature of thin or

small pieces.

An experiment performed by a competent metallurgist serves

to illustrate this fact. Three uniformly heated test bars, cut from

a single ingot, were carefully rolled, one very fast, one normally,

one very slowly. Their merit was found to be inversely as their

finishing temperature.

As power, hence cost, is saved by rolling or forging at high

temperatures, means have been proposed of accelerating the cool-

ing after forging has ceased. Such a method is used in the Coffin

rail process, where the rails are immersed in water or have streams

of water play on them immediately after coming from the rolls,

until their temperature falls to the dark red, from which point the

rails are cooled slowly to the temperature of the air. If, when a

bar is broken cold, the fracture presents a coarse grain in one part

and a fine grain in another, it shows uneven heating. If the grain

is coarse on one side and fine on the other, it indicates that the

workman has exposed one side of the bar to a much greater heat

than the other. If the outside of a forging shows a fine grain and

the interior a coarse grain, it indicates that the piece has been

*Rivets are said to fail at the head, which is not struck, rather than at

the struck head. The blows of the riveter prevent and overcome crystal-

lization and consequent brittleness.
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worked by too light blows of the hammer or by light passes in the

rolls; the outside having been refined by the work, while the

interior of the piece remained unaltered. On the other hand, if the

piece shows a coarse structure on the outside and a fine structure

within, it indicates that the piece has been heated too rapidly and

not thoroughly, and has not had sufficient work expended upon it.

If the grain presents a heavy, dark tint, the steel has been

finished too cold.

It will be found, on testing, that pieces of our experimental

bar. which show the finest crystalline structure, exhibit the greatest

ductility, toughness and shock-resisting power.

This fine grain is, then, very desirable in the finished product,

whether it be rolled or forged iron or steel, or steel castings.

This structure cannot be obtained by any system of cooling the

pieces, but can be produced by reheating, after cooling to the full

red, and then cooling quickly. The more or less complete restora-

tion of overheated and even burned steel may be accomplished

by reheating to the red heat, followed by forging and then quickly

"quenching" or slowly cooling.

It has been shown that, for every variation in the grain of a

piece of iron, there is a difference in the specific gravity, which

means, of course, a difference in volume. If, then, a piece of iron

has an uneven grain, internal stresses must exist.

Fortunately, we have a ready means of relieving these stresses,

in the fact that the metal will assume a grain or structure corre-

sponding to the degree of heat, no matter what the previous condi-

tion of the iron has been. This change is usually accomplished by

the process of annealing, which effaces the coarse structure, gives

fine grain, increases strength and ductility, and raises the elastic

limit. It also relieves the internal stresses due to previous working

or uneven heating.

In cases of special forgings, as in the heads of eye-bars, it

would seem to be wise to anneal the end, so as to remove the

stresses which must exist between the unheated part and the part

that was heated and forged.

In the manufacture of wire, frequent annealing is rendered

imperative by the internal stresses and hardening effect caused by

the working of the wire in the die plates.

The usual method of annealing is to heat the piece, after it has

cooled, to the full red or to a medium orange color, and to allow

the piece to cool slowly and uniformly.

On account of the tendency of steel to crystallize above the

full red heat and also while the temperature is falling" to the dark
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red, the proper heat for annealing- is the full red, followed by
quickly cooling to the dark red and then slowly cooling through
the remaining range of temperature.

The above treatment is applied to car axles and other steel

forgings, by the Cambria Steel Co., of Johnstown, Pa.

Cherrioff gives the following as the results from three samples
cut from the same bar of steel. After equal forging the samples

were treated as follows:

A was slowly cooled.

B was reheated to a full red and then slowly cooled.

C was reheated to a full red, quenched to a dark red and then

slowly cooled.

A broke under a single hammer blow.

B required five such blows.

C could be broken only by a blow of a five-ton steam hammer.

Rapid cooling produces hardness in steel, and the more rapid

the cooling the greater is the effect. There seems to be an appar-

ent exception to this rule in the so-called "water annealing" prac-

ticed by some forge men when doing a rush job. They heat the

piece uniformly, up to the point where it will just show red in a

darkened place, and then quench it. By this means, the hardening

effect due to forging is only in part removed, in that the hardening

effect of sudden cooling from this temperature is less than the

softening effect after forging by the reheating. The piece is by no

means in as good condition as it would have been had the usual

method been applied to it.

It will also be found, on applying tests for hardness to the

pieces of our experimental bar, that, beyond the point where the

crystalline structure changes suddenly, the steel has become

extremely hard, and especially very brittle toward the end that

was exposed to the highest heat.

Chemical as well as physical change has also taken place in

the steel. The carbon it contained exists, in combination, in at

least two perfectly distinct modifications called cement and hard-

ening carbon.

The chemical evidence of these two forms was first demon-

strated by Faraday in 1822, when he found that steel, when sud-

denly cooled, dissolved completely in dilute, cool, hydrochloric

acid, and, when the steel was annealed, it left a carboniferous

residue. In the first case, the carbon is said to be in the hardening

form, in the latter, in the non-hardening or "cement" form.

The exact difference between the two forms of carbon is not
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definitely known, but their effects upon the qualities of the steel

are quite evident.

The carbon in our samples will be found in the cement form

in all the pieces that were not heated above the full red heat, and

in the hardening form in all pieces heated above this temperature.

In annealed steel, practically all the carbon is in the cement

form, while in hardened steel scarcely any of it is in that form,

from which we infer that it is in the hardening state.

In tempered steel, an intermediate proportion is in the cement

state.

In molten iron and steel, the carbon is probably in a condition

closely related to the hardening carbon, since, on suddenly cooling

from fusion, we find it chiefly in this form.

According to Brinnell's experiments, the change from cement

to hardening carbon does not take place below the red heat, but

occurs suddenly and completely at the red heat. This can be

proven by heating a piece of steel, in which the carbon is initially

in the cement state, up to nearly the red heat, and then quenching,

when the carbon will be found still in the cement state; while, if

quenched from the red heat or above, the carbon is found wholly

hardening. On the other hand, if we heat a bar above the red

heat and slowly cool it, the carbon remains in the hardening form

until the temperature at which red just shows in the dark, when
the carbon begins to change slowly to the cement form, and so

continues until about the temperature of the air is reached.

That the transfer of carbon from the hardening to the cement

form may occur at very low temperatures, is suggested by the

reported fact that table knives gradually lose their hardness if

habitually washed in hot water, or that razors, if used cold, retain

their temper longer than if warmed before using, though for other

reasons the razor may cut better while hot than while cold.

Other phenomena indicate an important chemical change at a

temperature somewhere between the full red and the dark red

heats.

The temporary magnetism, whether induced by an electric

current or by another magnet, suddenly vanishes at this tempera-

ture, and its thermo-electric behavior is abnormal.

Here a remarkable evolution of heat takes place, known as the

"after glow." This is accompanied by a marked rise in tempera-

ture, a sudden expansion and a great temporary increase of flexi-

bility.

The late John Coffin, of the Cambria Steel Co., found that the

expansion of a bar of iron, when cooling through this range,
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increased greatly with the proportion of carbon. A four-foot bar

with 0.90 per cent, of carbon, in cooling from an orange heat, con-

tracted
-J

in., re-expanded 1

/aa in., then again contracted 9
/ 1G in.

A similar bar with 0.17 per cent, of carbon contracted regularly

during 45 seconds, then ceased to contract for 20 seconds, then

again contracted. In iron containing a very small per cent, of

carbon, no perceptible decrease in the regular contraction was
noted.

An experiment which gives striking illustration of the violent

rearrangement of the molecules of steel, when heated to the full

red heat, was performed before the Philadelphia meeting of the

American Society of Mechanical Engineers, November, 1887, by

Mr. Coffin.

A piece of ^-inch square tool steel was broken, the fresh

fractures placed in close contact, the pieces inclosed in platinum

foil to exclude the air and heated to the full red in the flame of a

Bunsen burner. After cooling it was found that the pieces were

very perfectly joined. A number of larger pieces, both soft steel

and tool steel, were shown at the same meeting, that had been

united in a similar manner, and which, by their color, sharpness

and freedom from scale, indicated that they were united either

much below the ordinary welding temperature or with the nearly

perfect exclusion of oxygen.

Another critical temperature, for both iron and steel, is at the

so-called "blue heat," which is from 450 to 6oo° F. Here, iron

and steel are much more brittle than when cold or at redness.

This heat, however, does not seem to leave any bad effect on the

iron. But if the piece be worked in this range of temperature, it

will retain the brittleness after cooling and show a great loss of

ductility, as measured by the bending test, although it has not been

conclusively proven that there is a loss of ductility when the piece

is pulled apart by static tensile stress.

The poorer the iron, the more susceptible it is to the "blue

heat." In other words, the poorer the iron, the more dangerous it

is to work it at that heat. The danger to steel, at the "fatal blue,"

is more pronounced than in iron, but it exists, to a greater or less

extent, in all grades of iron. It is also more noticeable in a

descending than in an ascending heat, and is. especially noticeable

in work having sharp corners, which has been worked at the blue

heat.

The loss of ductility and of shock-resisting power is not due to

anv incipient cracks, as can be proven by the restoration of the

former qualities of the metal by reheating to redness or by anneal-
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ing. Several experimenters have called attention to the increase

of "blue shortness," or the effects of "blue heat," with the increase

in percentage of non-ferrous elements present in the iron, but these

reported facts have failed to be fully sustained by recent experi-

ments. There seems to be some close relation between the effects

of "blue shortness" and "coldworking," but the injurious effects of

the former are more marked than those of the latter.

Soft steel plates, which have cooled to the blue heat while in

the process of rolling, have been reported, by Bessemer and others,

to have been shattered in the last passage through the rolls.

While blue-working lessens ductility, it is not always fatal to

the metal. Examples may be cited in proof of this. In hand

riveting the operator usually continues hammering while the rivet

cools past this critical temperature, and yet few rivets have been

known to fail from this cause alone. Shafting is often heated to

blueness by a dry bearing, while under stress and shock, but is

apparently uninjured.

Blue-working, without subsequent annealing, is prohibited in

boiler work for the United States Navy, but not for hull work.

Many good American and British engineers do not forbid blue-

working in their practice.

Another phenomenon, exhibited by iron and steel when cool-

ing from the molten state, is the evolution of large volumes of gas,

which assist in the formation of blowholes and other imperfections

against which the designing engineer has to contend. These gases

have been found to be principally of nitrogen, hydrogen and car-

bonic oxide, and may be held in the iron in several conditions:

1. In chemical combination. 2. In solution. 3. In adhe-

sion. 4. Mechanically retained.

In the first three conditions the gases are in a condensed form.

This condition of the gas can be illustrated by some examples. A
piece of charcoal will, at atmospheric pressure, absorb 90 times

its own volume of ammonia gas. The ammonia could not pos-

sibly be still in the state of a gas, for, if it were, its pressure would

burst the charcoal. Similarly, electro-deposited iron may hold 248

times its own volume of hydrogen. These gases are evidently in a

liquid or solid form.

It appears that iron, when molten, freely absorbs nitrogen,

hydrogen and carbonic oxide gases; and, in solidifying, evolves

them, being no longer able to retain them. The escape of these

gases is what gives the steel maker and foundry man their trouble,

as gas, which is caught in the pasty mass of iron, forms minute

bubbles, which enlarge, by accretions from the adjacent metal, into

openings called blowholes. The gases in these openings, if unable
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to swim to the top of the casting, cause the metal to swell or rise,

or, if they escape, cause boiling and scattering, which produce

unsound pieces.

Grey cast iron, which passes quickly from the liquid to the

solid state, is less likely to form blowholes than white cast iron,

which passes through a pasty condition, unfavorable to the escape

of gases.

The less carbon, silicon and manganese an iron contains, the

more does it tend to form blowholes. High carbon steel is usually

comparatively free from blowholes, but is more liable to "piping,"

or the formation of openings at the center of the ingot, due to its

greater contraction in cooling.

Irons containing large percentages of phosphorus, however,

disengage gas much more violently and tend to produce unsound

castings. The gas continues escaping for some time after the iron

has solidified, and can be obtained from the minute cavities of all

irons by subsequent borings which penetrate these openings.

Sir Henry Bessemer proved that the escape of gas from molten

steel was largely governed by the existing pressure. When a par-

tial vacuum was formed over the solidifying ingot, the evolution of

gas was much more violent. If a pressure were produced the

solubility of the gases in the iron was increased, and any gas which

was evolved during solidification would be more promptly expelled.

This process, which he called "'liquid compression," was described

by him in 1856. It remained, however, for Sir Joseph Whitworth

to put this knowledge into practical use. In his process, the steel is

cast in a special mold or flask of great strength and so arranged

that the gases can escape. The metal, while solidifying, is sub-

jected to a pressure, occasionally reaching 20 tons per square inch

of horizontal cross section. This pressure hastens the discharge

of the evolved gases and prevents, to a considerable extent, the

formation of blowholes, and, by producing a flow of metal to the

contracting center of the ingot, partially overcomes piping, the

ingot being actually compressed about one-eighth of its longi-

tudinal dimensions. The Bethlehem Iron Co. uses this process in

the steel castings from which large shafts and other structures are

forged.

It has not been the intention of the writer to do more, in this

brief paper, than to outline some of the physical and chemical

changes which may take place in iron and steel while being formed

for the many purposes of the engineer.

There are in this field many phenomena which should be in-

vestigated, and the possibilities which may be derived from a more

complete knowledge of this most valuable metal are far-reaching.
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BRICK PAVING.

By Irving E. Howe, Member of the Engineers' Club of Minneapolis.

[Read before the Club, March 14, 1898.*]

A description of the construction and statement of cost of the

brick paving on Seventh street, South, between Hennepin avenue

and Seventh avenue, South, in the city of Minneapolis, done during

the season of 1897.

It will not be necessary, nor of any particular interest to the

members, to give an account of the preliminary work of receiving

bids, etc. Suffice it to say that bids were received and rejected

three times.

These bids were received according to specifications on file in

the office of the City Engineer, which called for a repressed vitrified

brick paving, on a six-inch concrete foundation, ten years' guar-

anty, 10 per cent, cash retained and 15 per cent, surety bond. The
prices bid were from $1.99 to $2.04 per square yard. These were

considered too high, and the City Engineer was instructed to buy

the material in the open market, to pave said Seventh Street, South,

with vitrified paving brick on a six-inch concrete foundation

according to the same specifications upon which the bids had been

received.

Work was begun on August 24, just five days after receiving

the instructions, and was finally completed October 8, practically

six weeks from the time of beginning.

In the meantime, while the removing of the old cedar block

paving and grading were in progress, prices were obtained for the

various kinds of material to be used; crushed stone of a suitable

quality was difficult to obtain in the time needed. This was all that

delayed the work. The stone was finally procured from three

sources, at prices ranging from $1.00 to $1,275 Per cubic yard,

delivered on the street.

The material for filling, to bring the street to the proper grade,

and the sand for concrete and cushion, were obtained as the work
progressed from various sources where they could be purchased

most cheaply.

The prices paid ranged from 10 cents per load to 35 cents per

cubic yard, delivered on the street. 1992 barrels of Milwaukee

cement at 75 cents, and 1296^ barrels of Mankato cement at 78
cents per barrel were used.

*Manuscript received March 21, 1898.—Secretary, Ass'n of Eng. Socs.
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A very stiff price for brick was maintained by the various com-

panies. The prices obtained, after considerable labor and corre-

spondence, were as follows:

Iowa Brick Company, Des Moines, Iowa, $15.00 per thousand,

guaranteeing 57 bricks to the yard, no other guaranty.

Des Moines Brick Mfg. Co., $15.00 per thousand, no guar-

anty.

The Galesburg, 111., Paving Brick Company would give no

price.

Barr Clay Co., Streator, 111., $15.50 for one-half the amount
only, guaranteeing 57 bricks to the yard, no other guaranty, and

shipment to begin after thirty days.

Purington Paving Brick Co., Galesburg, 111., $16.00 per thou-

sand, guaranteeing 56 bricks to the yard. The company also gave

a ten-year guaranty to replace all defective brick within the period.

This price was so reduced that the net cost to the city was $15.54^

per thousand, equal to 87 cents per square yard, or only 1^ cents

per yard more than the lowest bid. The Purington bricks were

considered to be worth more to the city, and they were accordingly

bought.

The bricks were shipped very promptly and were handled in a

very satisfactory manner by the C. B. and N. Railroad Company.

This cuts no small figure when it is considered that it took 198

cars to furnish the brick. They arrived at the rate of about ten

cars per clay.

The bricks were delivered and piled on the sidewalk and boule-

vard outside of the roadway along the street in advance of the

work, so that there should be no travel on the paving before it was

finally finished. These bricks* were the most uniformly burned lot

I have ever seen. The small bricks (2^ x 4 x 8 inches) were used

on all the work, except the block between Sixth and Seventh ave-

nues, South, where the large bricks or blocks (3x4x9 inches)

were used. As this last size is what most of the brick people claim

they are going to manufacture next year, it was thought best to

give them a trial, as the company agreed to furnish them at the

same price per square yard.

A contract was made with John Murphy, of Columbus, O.,

for filling and grouting the joints of the paving with his patent

"Murphy Grout" for 17^ cents per square yard. Owing to the

unsatisfactory manner in which some of the material set up, only

about one-half the work was paid for, waiting until next season for

final adjustment, as it was too late in the season to do anything

about it at that time.
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The method of laying pavement was as follows

:

After removing the old paving and planking, the street was

brought to the proper subgrade, allowance being made for ram-

ming and rolling. This subgrade was then rolled with a seven-ton

horse roller, until every portion had been sufficiently compressed.

Sections around manholes and other places that could not be

reached by the roller were rammed by hand. Upon the founda-

tion, thus prepared, was laid the concrete, which was mixed on

three boards, twelve feet square, arranged abreast of each other

across the street; enough sand for one "mix" (in proportions of I

cement, 2 sand, and 5 stone) was dumped on the front half of the

broad; cement was then added to this and mixed dry, then water

was added and the whole was brought to a smooth mortar, before

adding the stone. This mixture was taken off the board with hoes,

the workmen, six in number to each board, standing in the rear of

the board and pulling toward it, so that by the time it came off the

board it was thoroughly mixed, and in the meantime another

"mix" had been added to the front of the board ready for them to

step forward and begin over again. After the concrete was taken

off the board, it was levelled and tamped until it was brought to

the proper elevation. The concrete was then allowed to set not

less than eight days.

The concrete foundation was covered with a one-inch layer

of sand. To bring the surface of this sand cushion to a perfect

grade, conforming to the crown and grade of the street to be

finished, one-inch strips were nailed to the concrete every twelve

feet, extending across the roadway from curb to curb. An iron-

shod straight-edge or scraper was placed on the strips and dragged

across the street, bringing the sand to a plane between the strips,

then one strip was taken up and moved ahead of the other twelve

feet, and the same process was repeated. Upon this cushion the

bricks were laid, the principal care being to keep the joints close

and the courses straight. After a block had been laid, the roller

was put on, and rolling continued until the bricks were firm and

solid and presented an even surface. All bricks broken by the

roller were replaced and the pavement again rolled. The grout

filler was then put on by flooding and sweeping with brooms, made
especially for the work. This was allowed to set for five days

before throwing the street open to travel.

In other cities, trouble has been had- with brick paving buck-

ling, due to expansion and contraction by change of temperature.

To obviate this trouble, half-inch expansion joints, extending

across the roadway from curb to curb and consisting of California
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asphalt and maltha, were placed about 150 feet apart. So far this

method has given excellent results.

An average crew of sixty-five men was employed. The mini-

mum wages paid for labor was $1.75 per day, and the total amount
expended for labor was $4585.00. The detail cost of the work was

as follows:

Removing old paving $0,035 Per square yard.
Grading 0.032

Concrete 0.467
Planking concrete, lumber and miscellaneous 0.008
Brick 0.870
Hauling 0.038
Cushion 0.018

Laying brick 0.032
Murphy grout •. 0.175

$1,675 " " "

This price of $1,675 Per square yard, being 31^ cents below the

lowest bid, and being the price at which the assessment was made,

makes a saving of about $5400.00 to the city, and gives it a paving

with a ten-year guaranty for bricks constructed with more care and

at greater expense than it would be reasonable to expect of a con-

tractor.
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AX INVESTIGATION OF THE STRENGTH OF COLUMNS,
LEADING TO SOME NEW FORMULAS.*

By Carl G. Barth, Member of the Engineers' Club of St. Louis.

[Read before the Club," March 16, 1898.-J-]

When I for the first time became acquainted with the develop-

ment of the Rankine-Gordon formula for the strength of columns,

I was much surprised to find it resting on a very unsatisfactory

analysis. I accordingly set to work on an independent investiga-

tion, and soon received sufficient encouragement to go ahead, with

reasonable assurance of accomplishing something. As a result, it

is the purpose of this paper to submit a new and purely rational

formula for the proper working load on a column, which rests on

arguments to which it is thought that no exception can be taken

by any one who will try to follow them in an unbiased spirit.

In the first place, it seems impossible to conceive of such a

thing as a rational formula for the ultimate strength of an ideal

column, for we can assign no reason why an ideal, centrally loaded

column, however long, should yield in any other way than a short

one; that is, why it should yield under any load less than the

direct crushing resistance of the material; for even the load deter-

mined by Euler's formula, though it will maintain any initial lateral

deflection that may have been given to the column, cannot of itself

give rise to any such deflection.

*The most essential part of this paper was presented orally to the En-

gineers' Club of St. Louis, May 5, 1897.

tManuscript received March 21, 1898.—Secretary, Ass'n of Eng. Socs.
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Evidently, therefore, all that we can look for in a rational

column formula is that it shall enable us to determine a load that

will subject a fairly well-made and properly arranged column to

no undue stress, even if that load should accidentally be applied at

some reasonable distance out of center.

The formula herein to be proposed is of that nature, and has

been derived by considering all the uncertainties of a practical

column (such as possible imperfections in its material and form,

and any possible eccentric displacement of the load) as equivalent

to a certain amount of initial eccentricity of the load on an other-

wise ideally perfect column.

Thus, when the permissible working stress f per square inch

of section of an exceedingly short practical column, as illustrated

in Fig. i, a, is taken as equal only to the fraction — of the elastic

limit F of the material in compression, then this is considered

equivalent to allowing for a possible eccentric displacement v c of

the load such that the maximum stress that would be produced

by the load thus displaced on a perfect column of the same dimen-

sions, would not exceed F; as illustrated in Fig. I, b.

Denoting the cross-section of the column by A, and its radius

of gyration by r, its moment of inertia I becomes A r
2

; and if we
further denote the distance from the center of the section to its

most remote point by a, we may write

P v
c
= p c

A v
c
= S

c | = S c ^f>

which then gives the stress due to the bending moment alone,

S c = p c

a

r

Adding this to the stress p c due to the direct compression of the

load, we get the total maximum compressive stress, which shall

not exceed the elastic limit F or n„ f = n
c p c . Thus we get

F = nc pc
= pc -f S c

== pe ( i + ^»
J

.

Solving with respect to v
c this may accordingly be written

vc
= (n

c
- i)

T-> (i.)

in which expression n
c is thus the factor of safety allowed on the

elastic limit of the material, for a simple, direct crushing load.

Referring now to Fig. 2, it is evident that, for a column of

some length, any initial eccentricity v of the load P will cause a

lateral deflection A , so that the effective eccentricity or lever-arm

of the load with respect to the section at the base of the column,

will be (v+A)- The maximum bending moment will thus be

P O+A)-
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Now, it will be proved in the appendix to this paper that the

deflection _^ depends on the initial eccentricity v, the load P, the

length of the column 1, the radius of gyration of the cross-section

r, and the modulus of elasticity of the material E, in such a manner

that we mav write

v -f \ = v Whr-0—(VW)
This significant relation between /\ and v will perhaps more

readily be realized from its geometrical representation in Fig. 3,

which shows fiow exceedingly rapidly the deflection increases with

fp" l

the expression \i g~ ~ •

If we put VtTT = 7
and solve with respect to p e we get

p-=T e (t)
!

- (30

which will be recognized as Euler's formula for this case.*

As secant — = 00 , we now readily see why this formula

gives a load that is necessarily destructive to a practical column;

it (the load) tends to indefinitely increase any initial eccentricity

it may have, however small this may be.

On the other hand, we also realize that a very low factor of

safety on this load will make the column abundantly secure against any

undue deflection, as the secant of an angle drops with enormous

rapidity when the angle recedes from 90°, or —

.

Evidently, then, as for an exceedingly long column Euler's

load becomes so small that the direct compressive stress due to the

same may be neglected, such a column would with perfect safety

carry a load but little less than that load; and though, on account

of the necessary imperfection of a practical column, Euler's load

requires to be divided by some suitable factor of safety, n,, even

this need be but moderate; for, considering the bending stress

produced by the load, we will find that this factor n, will be

equivalent to allowing for an exceedingly large initial eccentricity

of the load on an otherwise perfect column.

Denoting this permissible working load on an exceedingly

long column by P, = p, A
, we may accordingly write, for a

^Evidently the factor 4 in the denominator disappears for a column

pivoted at both ends, since its action would be the same while its length

would be doubled.—J. B. J.
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column fixed at one end and free to turn and to move laterally at

the other, as in Fig. 2,

p. = ^=^ e (t)
!

(40

Putting" Pi for p in (2) we further get

v, + A ,
= v, sec

(V
'ZL 1) = v, sec

{7f=) (5-)

The maximum bending moment then becomes

Pi(v,+A0= Pi A (v
x + A0==^7 e (t) a XVlSec

(2^rr;')

and putting this equal to the resisting moment, and the stress pro-

duced equal to the elastic limit F, we may write

4n i \\ )
'

V 21 n, / a a ,

which, solved with respect to v,, gives

This is, accordingly, the initial eccentricity th'at the load ?!

may be given without producing a bending stress exceeding the

elastic limit of the material.

v, is thus, for a column so long that the direct compressive

stress may be neglected, what v
c in (i) is for a column so short that

its deflection may be neglected. But for even a very low value of

n, , v, will become very great, as it is proportional to the square

of the length of the column, and will thus represent ample allow-

ance for reasonable imperfections in the material and form of a

practical column.

We now conclude that the general expression for a suitable

eccentricity v to be allowed for on a column of any length, must be

such as to become equal to v for an exceedingly short column,

and at least approximately equal to, and not less than, v, for an

exceedingly long column; or, more correctly, equal to v
c
for — — o

and equal to v, for — =00 . But as v, becomes o for —=0, and

00 for — = 00 , these requirements are fully satisfied by putting

v = v
c -f v, , or

v=,[n„- I + ^cos
(
_^)^(J-y.]4 (70

Substituting this value of v in (2) we get

v +A =[n.-I+^cos(
i
^)4(_L)^Xsec(

>
/|l)(8.)
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In order now to determine the load P = pA, that acting on

the lever-arm (v -f- /\) will produce a total maximum compressive

stress equal to the elastic limit F of the material, we first write

P.(v + A)=pA(v+ A) = sI = S
^T,

which, solved with respect to S, gives the stress due to the bending

moment of the load, alone

Adding this to the direct compressive stress p, we get

F = p + S= P [i + J-(v + A)]= P [1 + ^vsec(^j[l )](9-r

In general, this formula may be used for finding the maximum
compressive stress produced on an eccentrically loaded column,

the eccentricity of the load being v, and the load itself, p lbs. per

square inch of the cross-section of the column. At present we
will, however, only make use of it to determine, as we have set

out to do, the proper working load to be used on a centrally loaded

column. We therefore substitute in it the value of v in (7), and

thus get

F=p{x + [n.-I+£ Cos(_^)^(i.)']sec(
N
/Zi.)| (lo .)

Here, then, is a purely rational formula for the proper work-

ing load on a column fixed at one end and free to turn and to

move laterally at the other, which, so far as its theory goes,

apparently leaves nothing to be desired. As, however, it can be

solved tentatively only, with respect to p, it can be of no practical

value, and we shall accordingly have to so simplify it by the substi-

tution of suitable approximations for some of its elements that it

will be sufficiently convenient for practical use.

This formula is peculiar in that it contains two distinct factors

of safety of entirely different natures—viz., n
c on the elastic limit F

•p

of the crushing resistance of the material, such that — = f is a

proper working load on the material under direct compression

only; and n, on Euler's load for a column so long that the direct

crushing tendency may be entirely neglected as compared with the

bending tendency.f But while the first of these factors will no doubt

*The writer has recently learned that this formula has also been derived

by Prof. A. Marston, of the Iowa State College.

fThe former might be called a factor of safety as to the materials used,

and the latter a factor of safety as to the maximum loads.—J. B. J.
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have to be varied with the material and particular circumstances of

the cases, there seems to be no reason why a permanent value

should not be adopted for n, , and this thereby made to apparently

disappear from the formula.

We have already concluded that a very moderate value of n,

ought to be sufficient, but in order not to be too radical in suggest-

ing greater working loads for long columns than have heretofore

been considered safe, and on account of the simplification it intro-

duces, we will adopt f as a suitable value. Formula (to) then

reduces to

F = p{ I+ [n,- I+ ii^(iy]sec(
x
/ZJr)l, (l ,)

as cos ( —7=- )then becomes cos ( —'— X - —
I
= cos 6o° = i.

v 21 ni / V 3 2 J 2

Making likewise n
t
= ^ in (5) we get v, -\- Ai '= v, sec 6o° =

2 v„ or Ai = v„ so that by thus adopting n, = f we insure that

the deflection of an otherwise perfect column of finite length can

never quite reach an amount equal to any possible actual eccen-

tricity of the load.

Before proceeding to further simplify formula (n), as sug-

gested above, we will try to more fully realize its significance by a

study of the diagram, Fig. 4, in which are represented simultaneous

values of v, [\, and p, for various values of -from o to 300, for a

material whose elastic limit in compression is F — 34,000 pounds,

and whose modulus of elasticity is E = 27,000,000 pounds, and for

a value of the factor of safety n equal to 4.

Distances up the vertical line in the middle of the diagram

represent-*; the horizontal distances from this line over to the

heavy curve to the left represent the corresponding values of p, as

derived from (11); the horizontal distances over to the first heavy

curve to the right represent the corresponding values of v, as

figured by (7) for %.= \ ; and the horizontal distances over to the

second heavy curve to the right represent the corresponding values

of ( v+ A ), as figured by (8) for n, = £ ..

Considering thus, for instance, a column for which— = 200,

or - = 400 for both ends pivoted, we find p = 685.1 pounds,

v = 25.97 -J- , and v + A = 48 - 6 3 ~ '

This means, accordingly, that the total working load for this

*The reader must keep in mind that these values of — are just one-half

those for both ends pivoted.—J. B. J.
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column would be 685.1 pounds X A, and that this, if given the

. . . . r2

initial eccentricity 25.97— , would produce a lateral deflection of

the column which, together with the initial eccentricity, would
j-2

amount to an effective leverage of the load equal to 48.63 — , the

bending moment of the load thus becoming 685.1 X A X 48.63 — .

This bending moment would produce a bending stress S, which,

determined from the equation

685.1 X A X 48.63 £ = S | == S Al!
,

becomes S = 685.1 pounds X 48-63 = 33,316.4 pounds, and

which, added to the direct compressive stress of 685.1 pounds,

gives a total maximum stress of 34,001.5 pounds, or, as near as

could be expected without more exact figuring, the elastic limit of

34,000 pounds, which was assumed.

YVe will now pass over to the simplification of formula 11,

which is brought about by approximating cos xby (1 - ' x 2

J

This approximation has been arrived at by considering Fig.

5, in which the one curve is a sinusoid, and the other curve is a

parabola with the same vertex as this sinusoid, and intersecting it

at the point whose ordinate is sin. —r- = cos — — A.63-
Xow, by adopting n, =— , we have insured that the angle

(\j^— Will never quite reach — , and we thus see that, for all

possible values of this angle in (11), the parabola represents the

sinusoid quite closely, with the maximum percentage of error

occurring for an intermediate value of this angle, and with increas-

ing accuracy towards its two limits, o and —

.

We accordingly write, approximately,

which, substituted in (11), gives

'-*K(-f) J
-
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This equation can be solved with respect to p, but leads to a

rather elaborate formula. We therefore transform it as follows:

F ['-^.(r)
r

]=p[-^l(4)
,

+».- + ^l(;)1

F-Px^|(iy=p[n«-Ex^|(iy +^4(iy]

Considering now the expression ^ ^ of this equation, we

readily realize that its influence on the value of p must be greatest

for some intermediate value of — , and that the same will decrease
r

with — approaching either of its limits o and oo . But as ^ -pr

has its maximum value 4- - - for — = o , which will thusz n c p 2T\c r

always be a comparatively small fraction, ( i- \ ~ j will differ from i

by a moderate percentage only, for that value of— for which the

difference will have the greatest influence on the value of p.

We may therefore, without a very large percentage of maxi-

mum error, approximately write

P=
-.+^i-(v)"-

(I3 ''

Now, in deriving (12) from (11), the error introduced consisted

in writing cos.
( \/^ )

greater than its true value; that is, sec.

I -* /-^ ) less than its true value, the result being that p figured

from (12) will be somewhat too large. But p figured from (13) will

be less than figured from (12), and the effect of substituting 1 for

( 1 - \ ~J is thus actually in the direction of compensating for

the error introduced into (12).

It thus follows that (13) must give values of p that are close to

the values given by (11), though the degree of agreement between

the two formulas will depend on the value of n c , and also some-

what on the ratio -r=- . Thus, for small values of nc , the effect of
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neglecting -J ~r will be overcompensating, while for large values of

ne the effect will not be fully compensating.

Formula (13) may be further simplified by dividing both its

F r •

numerator and denominator by n
c , bearing in mind that— = i is

the proper working stress of the material under a simple crush-

ing load. We thus finally get

p=
'+*i(i)*

=
'+-9»Wy

(i+0

This formula, though of the same form as the Rankine-Gor-

don, is nevertheless of an entirely different nature, as the latter pur-

ports to give the ultimate strength of a column, the very idea of

which is here repudiated. Besides, the coefficient for ( —
J

in the

Rankine-Gordon formula is merely empirical.

In the diagram, Fig. 4, the pressures marked at the extreme

left have been figured by (14). The maximum discrepancy of these

pressures, compared with those figured by 11, and represented by

the heavy curve, occurs for — = 60, and amounts to only 2.2 per

cent.

COMPARISON WITH PROF. JOHNSON'S PARABOLIC FORMULA.

The fine curve to the left in the diagram, Fig. 4, represents

pressures figured by Professor Johnson's parabolic formula and

Euler's formula, with a common factor of safety of 4. It will be

seen that the pressures figured by the parabolic formula, as far as

it goes, differ but little from those here recommended; and in so

far as this formula represents good practice, it bears testimony to

the soundness of the one here proposed. But it will also be

noticed how rapidly the pressures figured by Euler's formula drop

below those here proposed.

The two fine curves to the right represent, respectively, values

of v and (v -j- [± ) corresponding to the pressures of the parabolic

and Euler's formula, and clearly show the lack of continuity of

these formulas considered as one, and also the unreasonably large

allowance for eccentric displacement of the load for long columns,

which the latter formula is equivalent to when used with a uniform

factor of safety as high as 4.

ECCENTRICALLY-LOADED COLUMNS.

We will now see how formula (13) may be so modified as to

also answer for a column whose load is intentionally eccentric.



248 ASSOCIATION OF ENGINEERING SOCIETIES.

Fig. 6, a, represents an exceedingly short column with its

load Pc = p A applied a distance w from the center, the maxi-

mum stress produced being f =— . Fig. 6, b, represents the

same column with its load removed to such a greater distance v
c

from the center that the maximum stress produced is increased to

the full elastic limit F.

Proceeding as before, we may then write

f=^=P.( I +^)andF = p„(I+^) i

from which we get

F / . w a \ vc a

-s-^.C 1 + ^) = i + ^--

Solving this equation with respect to v
c , we then write

vc =[n c (i + ^)-i]
-f (15.)

Comparing this with 1, we see that substituting v c as given

by (i5)» for v c as given by 1, throughout our whole previous dis-

cussion, will simply lead to getting n
c ( 1 -| ^-

J
instead of n

c

in formula (13).

For an eccentrically-loaded column we accordingly write

F f

p = 7 , wa \ . 9 F / 1 y = . w a - Q f / 1 Y =

f

COLUMNS SUBJECTED TO TRANSVERSE LOADS.

From formula 2 we get

' + <>=•""(•>/¥ 4"),

v ---(V¥iL A;orv= -(V¥j) A .

For low values of\-^— » cos. (-vM?-— ) may be approxi-

mated by 1 - -t- -^ (— ) , which, substituted above, gives
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CJ * -["Kf-yr'lA. <">

ana

P

Denoting by S the total stress produced, instead of merely the

bending stress, in formula (9.), we write this

S = p[i + -Jr(v+ A)]-

Substituting herein the value of (v + A ) in ( x 8)> we get

which gives

P = s - 2 ~y A (19-)

By means of this formula we can thus approximately deter-

mine that eccentric load on a column which will produce a certain

maximum stress S and a certain deflection A> and by formula (17.)

we can subsequently determine its eccentricity.

In Fig. 7, a, is shown a column subjected to the transverse

loads Ph at its extremity and L uniformly distributed over its

length; and in Fig. 7, b, the same column is shown subjected to an

eccentrically applied vertical load Pv = p v A , which produces the

same deflection A and the same maximum stress S as the trans-

verse loads.

We have

(Ph + \ L) 1 = s| ; or S = (Ph+^L)^ , (20.)

and also the well-known formula for the deflection,

= (iPh + |L)EX? (21.)

Substituting (20.) and (21.) in (19.) we get

= (Ph+i
which gives

Pv= (Ph+ 1 L)^-2
- 2

*E
a Ph+ iL)^2=a P.+ 1 L)^r(22.)

Pv = aP h + iL)iA (23 .)

Substituting, further, (21.) and (22.) in (17.), we get

T = [
2
a p>

E
+Vd 1 a (f)' - '] ft p* + * L> siTf

or
.

= &T& -r " « p
> + *

L
> tta Or)! (*+0
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Multiplying {23) by (24), we may also write

P T v == (i Ph + 1 L) 1 [1 - ft Ph + 1 L) ^L- (-L)
2

-^].(2 5 .)

If now we have a column loaded as shown in Fig. 8, a, we
may substitute a vertical load P v applied at the distance v from the

center of the column, for the transverse loads P h and L, as indi-

cated in Fig. 8, b. Combining this ideal vertical load P v with the

actual vertical load P we finally get the ideal vertical load Pw

(Fig. 8, c), which will then be approximately equivalent in its

effect to the three actual loads P h , L, and P v .

In order to determine the magnitudes of Pw and its eccentri-

city w, we first determine P v and v by (20) and (21) respectively,

and then write Pw = Pv 4- P, and Pw w = P v v 4- P u, which gives

Pv v + P u , a .w=
P. + P

(26°

Substiuting this value of w in (16), we finally ascertain whether

Pw = P v 4- P constitutes a proper load or not.

For a horizontal column whose weight, W, is the only trans-

verse load, and on which the end pressure is applied centrally, the

above formulas become much simplified, for we then have L = W,
P h = o and u = o.

Formula (23) thus reduces to

iWlA (27 .)

(24) to

r2 Wl
(¥j> wa SEA

and (25) to

P.' = i W1 (-^(l)7)- (*?>

Substituting (27) and (29) in (26), and remembering that

u = o, we get

W 1 / 1 V a \ r- Wl /lJWM / Wl /J_V _a_\ _[*_ _ Wl /J_Y
V

1 8EAU/ r2 / a 8EA\r J

4-W 1 — 4- P 14- 4 P —
* r

2 + ^ W 1 a

APPENDIX.

(3o.)

In order, now, to derive formula (2) we again refer to Fig. 2,

and fall back upon the well-known differential equation

B M = E I -^f,dx2

in which B M is the bending moment for any section of a beam.
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The elastic curve being here concave to the axis of abscissas,

we have -pj negative, and, as B M = P (y -f- v), we write

P(y+v) = -EI^.
Multiplying both sides of this equation by dy, and dividing by E I,

it becomes

^ (y 4 v) dy = - -L (dy X d 2

y).

Integrating both sides, and multiplying by 2, this gives

JP ,__, , N /dy
E

-r^- = o for v = A, ?"'
dx

which substituted above gives

(dY)

2

=Fn^ 2 + 2V A-y2 -2vy),o

VeI

But g- = o for y = A, and hence C = ^ (A
2 + 2 v A),

dy
dx

|//n 2 + 2v/\-y2 -2vy
Integrating again gives

• 1 y + v /~F
, r-ism- -4^ = VeI

X + °

But y = A for x = 1, and hence

I- C, or C = :

-=- _^.1
y~ v_ • _i T _ ~ _ p

which, substituted above, gives

_i y

-

v _ fp" v 1 jl

and from which it follows that

y-

v

_
cos"*r^ = \/Ei

(1 - x)
'

and further that

= cos[^(l-x)], or

Y + v = (A + v) cos [^ (1 - x)]. (31.)

But y = o for x = o, and hence

v = (A + v) cos (j~^ 1 V or

fv=vsec(
x
/^l)=vsec(^±_)=vsec(

A/

,ZL)(20

Q. E. D.
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Solving (2) with respect to v, this becomes

sec

which makes

A
A + v == / iy,\ (33O

j - cos
(Vei

1

;

Substituting (32) and (33) in (31) we get

cos[^(l-x)]-cos(^ l)

y = A X 5

wso
cos[^(l-x)]-cos(^l)

v X —
/ F=-

—
\

~» (34-)

wso
which is thus the equation of the elastic curve, both in terms of the

maximum deflection A and in terms of the initial eccentricity of

the load.

By approximating cos x by (1 - a x2
), as we did before, this

A
equation reduces to y =- -~ (2 1 x - x2

) (35-)

which is that of a parabola.

APPROXIMATE FORMULAS FOR ULTIMATE STRENGTH.

With greater or less accuracy, according as n, is taken greater

or less than f, the general formula (10) may be simplified in the

same manner as the special formula (11).

The general form of (12) thus derived is

F

p = ~
,

4», f \ , r_ _-„ /
*• \i P ) / 1 v (

2°-)
n

cC '

71* E [— Gtt)]* (i-)"
which again leads to the general form of (13),

p =
nj +

4_n,

_£ (J_y (2,0

By the substitution of this last value of p in the denominator of

(20), we may also write.

F
P — 411, F / 1 \ 2 / *" \ 4n, F / 1 V

Of)
F_ z'
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which, for low values of n , will be more nearly correct than either

(20), whose values are too high, or (21), whose values are too low.

If we put n c
= n, == 1, in formulas (21) and (22), we get

F
Pu = " ^ 2 / 1 \ a (23.)

1 "T"
7T2 E (4-)'

and

P- = „ ., .. 4 A/_LV (
2 4-)

1 4- 4 (.!)-. ^f Of)'

which may then be considered as approximate formulas for ulti-

mate loads.

In so far as we started out on the assumption that there could

be no truly rational formula for the ultimate strength of a column,

these formulas are somewhat enigmatic; but a little reflection

makes it evident that they owe their birth to the error introduced

by our method of approximating formula (10), which itself becomes

F = p when we put nc = n
t
= 1

.

The fact is that, when we make n c = 1 in formula (10), we

thereby make vc
r= o for all values of— , while, on account of the

error introduced by our approximations, v does not become o

when we make n
c
r= 1 in formulas (21) and (22), except for = o

and 00 .

Substituting values of p u , determined by either of these

formulas, for p in formula (9), and then solving for v, we can deter-

mine the eccentricities that these loads p„ must be given in order

to produce the stress F, and thus become destructive. Doing this,

and plotting the simultaneous values of , p u and v, as done in

the diagram. Fig. 9, we get a clear idea of what these formulas

really mean.

To facilitate the necessarv calculations, the values of
'

r

selected have been made multiples of that value of this ratio, for

which Euler's load p e (formula 3) is just equal to the elastic limit

F of the material.

This is readily found to be

^ = - a/
e

r 2 V F
Writing, then,

1 Y 7T /-E
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and substituting this in (9), we get

F=p[ I + ^vsec(V^
-J- V'p)] =

p[,+ JL V sec(* ;-Vf)]'
which, solved for v, gives

v = (-%" 1
)

coa (* Jr Vjt) it-

Euler's, and Professor Johnson's parabolic formula have also

been plotted in the diagram, together with the eccentricities corre-

sponding to the loads given by the latter.

The curve to the extreme left is the locus of Euler's formula,

and the short, heavy curve, that of the parabolic formula, which is

p=*E-*4(4-)l
and which sfives the same load as the former formula for

1 K / e Y . _.

so that this is the maximum value of the ratio — for which this

formula is intended to be applied.

The second curve to the left is the locus of formula (22), while

the third is that of formula (21).

The first short curve to the right is the locus of the eccentri-

city involved in the parabolic formula; the second curve to the

right is the locus of the eccentricity involved in formula (22), and

the last curve is the locus of the eccentricity involved in formula

(21). The maximum eccentricity involved in the parabolic formula

is about .076 , and occurs for about
' a '

1 /_ Y

r 2

the maximum of that involved in formula (22) is about .157 , and

occurs for about

1 /_ Y

r 2
1

while that of (21) increases steadily towards as increasesJ a r

towards 00

.

From the close agreement between all the formulas, for great

values of — , we see that a little more or less eccentricity of the

load is of no material consequence for a very long column, which
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fact is an additional evidence of the sufficiency of only a low factor

of safety on the destructive loads of such columns.

If an exceedingly short column is given an eccentricity equal

to the maximum involved in the parabolic formula its destructive

F . .

load will be -, = .020 F; if given the maximum involved in
1 + 076 y * ' fe

formula (22) this load will be - - = .864 F, and if given the
v J

1 + .157
p-

maximum involved in (21) it will be — .5 F.
v J

1 + 1 ^

For that value of - — for which the eccentricity involved in
r

.

formula (22) is a maximum, that of formula (21) is about \— ; and

if an exceedingly short column is given this eccentricity its destruc-

tive load will become —— = f-
F.

1 -f- s

We thus see that the eccentricities involved in formula (21) are

so unreasonably large—except for exceedingly short columns

—

l.at this formula cannot lay any claim to give even a rough approx-

imation to the ultimate load of anything but either an exceed-

ingly long or an exceedingly short column; and as this formula is

really the Rankine-Gordon formula, with a theoretical evaluation

of the constant coefficient for( — j , the defectiveness of this

formula seems thus pretty well established.

Even the eccentricities involved in formula (22) are excessive

for just such values of— as are mostly used in practice, but as it is

not likely that a simple algebraic formula can be constructed that

will involve smaller and more nearly uniform eccentricities, and at

the same time be applicable to all values of -, it is hereby sub-

mitted as at least a great improvement on the Rankine-Gordon

formula.

The more moderate, and for a comparatively longer stretch

more nearly uniform eccentricities involved in Professor Johnson's

parabolic formula, show, however, that this, though of a merely

semi-theoretical origin, can claim to give better approximations to

theoretically reasonable ultimate loads than even formula (22), for

those values of -to which it is necessarily restricted.

However, as a result of this investigation, the writer cannot

help entertaining the opinion that nothing is gained by trying to

determine the ultimate strength of a column, either by theory or by

actual test, as in the light of what has been found, this will be of

no use in determining a proper working load.
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In concluding, it may be well to mention that the writer per-

sonally considers the value f adopted for n in deducing formula

(14) as unnecessarily large, and that this formula may quite safely

be written

f

P
> + - 6 H4-y

which corresponds to a value of n, but little over 1.2. This still

restricts A + v to less than 4 v.

Formula (16) would then also become

+^+- 6iC-y
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SOME INSTANCES OF PILES MD PILE-DRIVING,
NEW AND OLD.

By Horace J. Howe, Member Boston Society of Civil Engineers.

[Read before the Society, March 30, 1898.*]

About two centuries ago, that all-around man of science and

architect, Sir Christopher Wren, said to the Royal Society

:

"For the improvement of theories we need to be least solicit-

ous; it is a work which will insensibly grow on us, if we be always

doing something in experiment ; and every one is more prone to

exercise his fancy in building paper theories than patient first to

pile the unsure foundation and hew solid materials out of the his-

tory of nature. This is rather our task, and we must be content to

plant crab stocks for posterity to graft on ; and, instead of the vanity

of prognosticating, I could wish we would have the patience for

some years of registering past times, which is the certain way of

learning to prognosticate; experiment and reason is the only way
of prophesying natural events; in combating prejudices, detecting

error, and establishing truth."

It is the aim of this paper to present facts rather than theories,

and to give the experiments themselves rather than a discussion of

the formulae which have somehow managed to cluster around them.

In 1879 I made my first attempts, in company with a fellow

student, F. B. Knapp (M. Bost. Soc). The experiments were made
on a small scale, and deserve mention only from the generally un-

satisfactory nature of the results and from our perhaps hasty con-

clusion that the simplest formula was liable to be the best.

Since that time I have held official relations with not a few

piles of larger growth in various parts of the country. The fact of

having made some tests within the last year for the Boston Transit

Commission, near Haymarket Square, under direction of H. A.

Carson, Chief Engineer, was the immediate cause of this paper.

On account of the upward pressure of the tide-water upon the

submerged station areas of the subway as designed at that time,

this pressure being transferred by means of the concrete invert to

the coned pile-heads, it was desirable to know something of the safe

upward force, as well as the safe downward force, that could be ap-

plied to a pile. Sixteen spruce piles were driven 2.\ feet centers

in a pit about 24 feet deep, penetrating into the clay from 11 to 34
feet, the successive sets and falls for every 10 blows being taken.

*Manuscript received February 26, 1898.—Secretary, Ass'n of Eng. Socs.
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The Cavanaugh Extension-Rail Pile-Driver was used with 1710-

pound hammer. Speaking generally, we got about \ inch set for

11 feet drop, or 18,800 feet pounds, without deduction for overhaul

of rope.

The effect of a rest over Sunday was shown by giving the piles

5 blows Monday morning and observing the set. The average

was then compared with the average of the 10 taken previously.

This is perhaps not so satisfactory as a single blow in each case

would have been. The effect of rest is particularly noticeable in

the case of piles when driven with bark on, the bark apparently

easing the pile as it went down, owing, perhaps, to the lubricating

PLAN SHOWING ORDER IN WHICH PILES WERE DRIVEN.

©
// 6

.•
:
"

4

/6

Piles spaced 2 ft. 6 ins. between centers.

Nos. 1, 9, 10, 13, 14, 15, bark on.

Nos. 2 to 8, 11, 12 and 16, bark off.

action of water following down with greater freedom, or to the

sliding of the pile inside the bark.

The successive sets for each 10 blows for each pile were

plotted and show clearly that in the case of some piles the work of

the hammer was to push away the material ahead of the point

rather than to overcome the friction of the sides. The increase of

this side friction over Sunday confirms this view.

So far as our knowledge of the locality goes, the clay gets no

softer at the greater depths.
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Grade of surface, E. 118.0.

Grade final cut-off or soft clay, E. 93.79.

Grade hard blue clay about 120 pounds per cubic foot, E, 90.

All piles cut off square on point.

Earth around piles rose about 6 inches during the driving.

Xo brooming of heads occurred.*

The piles were sawed off 2-J feet above final cut-off. An
I-beam 15 feet long was then arranged as a lever, pivoted on a

pair of angles riveted together, with loose plates to adjust the height

underneath, then fastened down to the adjoining pile by £-inch

wire rope with two loops spliced, and loaded at the free end with

about 6 tons of steel shapes, handy by. An upward pull of 10 or 12

tons was first tried on piles 3, 16, 14 and 2. Failing to start either

one of these, we proceeded as indicated in the table. Nos. 4 and 5,

6 and 15, 9 and 12 were tested together in pairs. The only pile

which moved of the six was No. 6, which had only 1 1 feet penetra-

tion, the top 4 feet being in softer clay. It settled 1.4 inches under

a load of 38 tons and stopped. Estimated skin friction 3500

pounds per square foot in hard clay. No further settlement was

observed for three hours, pile 15 meanwhile withstanding an up-

ward pull of 31 tons with 16 feet penetration.

The test on piles 9 and 12 failed on account of pulling off the

head of Xo. 12.

It is to be regretted that the test on Nos. 4 and 5 could not

have been carried to the ultimate load, which would have been

50 or 60 tons, in my judgment,—not an easy load to handle.

The purpose of the test, however, had been accomplished.

Tests finished June 7, 1897. Mr. H. R. Kimball, Assistant En-

gineer.

In applying any formula dependent upon the set of pile, due to

a certain fall of hammer, a correction for overhaul of line from

drum to hammer should be made of from 8 to 10 per cent, upwards,

this correction being subtracted from the weight of the hammer.

I have observed instances elsewhere where the engine was at

some distance and working diagonally to the driver, with ropes,

leaders, etc., new, where this correction averaged 50 per cent, for

10 cuts of the hammer line, using successive sets as a basis for com-

parison.

Of course, tests on single piles should be taken for what they

are worth. It does not follow that a cluster would be of equal

efficiency, on the average, to the results shown.

*See experiments by Don J. Whittemore, American Society Civil En-

gineers, 1880.
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The history of piles and pile-driving is interesting and in-

structive. If we do not consider what has been done in the past,

as suggested by Sir Christopher in the text, it might well be said

of us :

"The pile by the river's brim

A wooden pile was to him,

And it was nothing more."

To this end I beg leave to call your attention to the following

authorities as I consider them:

SIR CHRISTOPHER WREN.

First, Sir Christopher himself is quoted (Davy, 1841) as saying

that the piling when properly employed will outlast the durability

of the superstructure itself. And he built St. Paul's and fifty

churches besides.

PERRONET.

Coming down to the 18th century, the noted French con-

structor, Perronet, gives definite instructions regarding pile-driv-

ing. He said that a pile can support a load of 25 tons as soon as it

refuses to move more than f inch under 30 blows of a monkey
weighing 1190 pounds falling 4 feet, or under 10 blows of the same
monkey falling 12 feet. At Neuilly, however, Perronet placed a

load of 51 tons on piles 13 inches square, but driving the pile till

it refused to move more than 3-16 inch under 25 blows of a monkey
of same weight falling \\ feet; but such a load was unusual.

At Bordeaux the driving was stopped when the pile did not

go down more than 3-16 inch under 10 blows of a monkey weigh-

ing 1 100 pounds falling about 15 feet. But one of the piers settled

considerably, the load on a pile being 22 tons, whereas, at Rouen,

by insisting on Perronet's rule, no settlement occurred.

In this connection it is stated that M. Sazilly concluded from

experiments made at the Orleans Viaduct that piles might support,

with security, a load of 40 tons when they refuse to move more than

\ inch under 10 blows of a monkey weighing 1500 pounds falling

13 feet.

While these results seem large, it is to be noticed that the piles

were 13 inches square, as stated.

LONDON BRIDGES.

A word here as to the London bridges, so instructive on ac-

count of their failures. In general, trouble came when piles fell

short of reaching stiff blue clay and were too heavily loaded.
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Old London Bridge was commenced in 1176 and finished

about 1209. The piers rested on piles driven only around the out-

side of the pier, so placed as to carry the whole weight. They
were of elm, and at the expiration of 600 years, on being drawn up,

showed no material decay. A part of this bridge fell about 1281,

and the whole structure was removed to give place to the new
bridge in 1825. This gives us a clue to the age of the game we see

the children play, familiar to all: "London Bridge is falling

down," etc.

Old Westminster Bridge (1738-49) failed,—piles in one pier

only.

Black Friar's Bridge (1760-71) failed also,—45 piles in each

caisson. Rebuilt and completed 1869.

Waterloo Bridge (1809-17) failed,—68 tons per pile.

New London Bridge (1825-1831) has settled about a foot

down stream in places,—80 tons per pile, or 5 tons per square foot

of entire area of the pier.

New Westminster Bridge, begun in 1858, on the contrary, has

not settled with 12 tons per pile (test of 60 tons) and 2 tons per

square foot of foundation. Elm piles 32 feet long are driven 18

to 20 feet into the blue London clay.

New Tower Bridge, completed 1894,—caissons about 21 feet

into the bed of the river.

PRACTICE IN HOLLAND.

Turning to Holland, we find the engineers using the following

formula (Mason's) at the beginning of this century

:

L = F _w!
h_

S(W + P)

and also another modification similar to Sanders's formula.

In Holland the greater part of important engineering struc-

tures have to be built on piles which never reach rock; at the best,

only a stratum of coarse sand or gravel, and often not even this,

in which case the pile is supported by the friction and adhesion of

the surrounding soil. R. Haagsma (Engineering, 1892) also states

that the factor 6 was applied to the above formula generally. He
proposes a new one, which he claims is more correct in theory:

w2

(W+P)
hi

T T7
-h

2

L* = r q -S2

Where h = fall.

W = weight of hammer.

P = weight of pile.

S = set.

L = safe load.

F = factor of safety.
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Certainly the Dutch have had a long experience with bearing

piles. The original site of the city of Amsterdam was a salt marsh

requiring piles 50 to 60 feet long. After passing through a mix-

ture of peat and sand of little consistency, at a depth of about 40

feet they enter a bed of firm clay. The tops are sawed level and

covered with thick plank, on which the masonry is constructed.

Though some of the houses have declined from the perpendicular,

they are considered to be quite secure against falling.

The Palace was built in 1648. The natural ground is below

the level of the ocean.

St. Petersburg is also founded on piles,—sometimes several

tiers of them. Venice also. But data is wanting regarding both

cities.

PRESERVATION UNDER WATER.

Before leaving the continent, however, mention might be

made of a remarkable example of preservation of piles under water,

in the bridge built by the Roman Emperor Trajan, over the

Danube. Cresy ("Encyclopaedia of Civil Engineering") states that

a pile examined in the last century "was found petrified. This,

however, was not the case for more than the thickness of f inch,

beyond which the timber was not in any way changed from its ordi-

nary character." That is during 17 centuries.

ROYAL BORDER BRIDGE.

We come next to the Royal Border Bridge over the Tweed,

formally opened by the Queen and Prince Albert, 1850, when Her
Majesty was pleased to name it. Mr. Geo. B. Bruce, Chief Engi-

neer, says in a paper to the Institution of Civil Engineers

:

"It is very difficult to lay down any general laws with regard to

piling. The strata through which a pile has to pass may in one

case offer little resistance; yet other strata bearing the same name
and apparently of the same character will offer great resistance

and be very difficult to penetrate. Thus, though borings are ex-

ceedingly valuable, and afford great satisfaction to the engineer,

inasmuch as he feels he is not working altogether in the dark, yet

they cannot always be depended upon. Nothing can make him

feel quite sure but actual trial, by driving a long pile as far as it can

be got into the site of the pier.

"It is the common practice, when laying down in design the

lengths of the piles, for carrying a bridge or other work, to show
them to be driven 3 or 4 feet into gravel, provided it is con-

veniently situated; but, according to the experience gained in this
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BORING MACHINE. (See p. 293.)

A. Shaft.

B. Turbine.

C. Propellor.

D. Casing.

H. Pipe from pump.
/. Two-blade propellor, or cutter.

/. Detachable steel plates.
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work with Nasmyth's piling machine, even strong gravel does not

present any great resistance to the motion of piles pitched 3 or

4 feet from each other, unless the gravel is lying on a sub-stratum

harder than itself.

"Thus in some instances piles were driven down 30 feet below

the bed of the river, and in strong gravel went at the rate of

1 inch by 3 blows, the strata under the gravel being soft;

whereas when the gravel was on rock they did not penetrate more

than 1 inch by 200 blows. The bearing-piles of this bridge carry

each about 70 tons. The standard of intensity which was fixed for

the driving of these piles was 1 inch by 150 blows at the end of

the driving; but in two of the piers the driving did not average

more than 1 inch by 20 blows of 1700-pound hammer falling 16

feet.

"This, though practice has proved it to be sufficient, is con-

sidered too easy [!] driving to be trusted with such a load, if cir-

cumstances admit of their being driven harder. They were driven

from 30 to 40 feet into gravel and sand, which latter was in some

cases wet.

"The greatest length of bearing-piles driven in one day of 10

hours was 189 feet; but the average driving was not more than 50

feet, making the average cost of manual labor y\ pence per lineal

foot. Total cost Royal Border Bridge, £120,000; composed of 28

semicircular arches, 61 feet 6 inches span; height above river,

maximum, 126 feet."

JOHN C. TRAUTWINE.

John C. Trautwine (Journal Franklin Institute, 1842) gives

various results and designs and argues in favor of piles for what he

calls "railroad superstructure."

The Nasmyth steam hammer was invented in 1839, and fi~st

used in harbor works, 1845. This seems to have given an impetus

to pile-driving in England and in this country.

COL. J. L. MASON—FORT MONTGOMERY, N. Y.

Xext is Brevet Lieutenant-Colonel J. L. Mason's memoir on

work at Fort Montgomery, Lake Champlain, dated 1850:

"Fort Montgomery is founded on a timber platform resting on

4383 piles driven into the ground. These piles were driven in

1844-46, and the grillage laid on them in those years and in 1848.

These piles, when the work is completed, will bear an average load

of 7 cubic yards of masonry and if cubic yards of earth; or, esti-
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mating the masonry at 4200 pounds and the earth at 2700 pounds

per cubic yard, the weight with which each pile will be loaded will

amount to 34,125 pounds in addition to its own weight and that of

the grillage.

"These piles were all driven by two steam engines, one of

6 horse, and the other of 8 horse-power, the former requiring

generally an engineer and three laborers to serve it, and the latter

an engineer and four laborers. The original cost of engines was

$4388.71 ; the consumption of oil and rope, together with the

repairs applied to them has amounted to $1982.21; total, $6370.92.

I suppose they could now be sold for $1000 [not more than what

they would cost to-day new], a sum not over one-third their value

as pile-drivers if they were further needed at this work for that

purpose. Deduct the $1000 and it leaves the amount actually

bestowed on the pile-driving, $5370.92.

"The following: is the itemized cost:

Per

Pile.

Machinery for 4383 piles $5,370.92 or $1.22

Cost of niles 6,121.42 " 1.40

Driving 1,724.44 " .40

Measuring, hauling, securing for winter and sharpening. . 792.24 " .18

Iron bands to protect the head while driving 439-29 " .10

Cutting down and leveling the piles with axe and adze to

receive grillage 495-21 " .11

Machinery other than steam pile-drivers 184.10 " .04

Contingent services and contingencies for this part of

the work 1,890.05 " .43

$17,017.67 $3.88

"The general arrangement of the piles aimed at was to place

their centers under the four angles of a square yard, the double

pile-driver having been so constructed as to drive two rows two

yards apart, from center to center, and on repassing the same track

to insert an intermediate one, together with one outside the two

already driven; but the distance from pile to pile in each row,

resulting generally from dividing a given length into a certain

number of spaces, would vary an inch or two from 3 feet.

The grillage was laid in two courses. The lower, of timber 15

inches wide and 12 inches thick, was generally laid perpendicular

to the scarp, thus connecting together rows of piles parallel to the

scarp. It was notched down 4 inches onto the piles and pinned.

The upper course, at right angles to the lower, was of I2xi2-inch
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timber, across the piles, and of 12x8 inches between them, the

12x1 2-inch being notched 4 inches down on the lower course,

brought its top to the same level as the I2x8-inch, thus giving a

level floor with the masonry.

"The materials for the grillage, consisting of 45,610 running

feet of timber of the sizes 12x8 inches, 12x12 inches and 12x15

inches, and of 12,147 hardwood pins, cost $2277.45; measuring,

hauling and securing this timber for the winter, $235.80; pre-

paring, laying and pinning, $2318.02; machinery, $70.00; contin-

gent services and contingencies belonging to this part of the work,

$612.66. Total cost of grillage, $5513.93. The difference of level

between the highest and lowest water in this part of Lake Cham-
plain is nearly 8 feet; according to our memorandum, 7 feet 10

inches.

"To prevent the decay of the wood it was necessary to place

the top of the grillage at least as low as the lowest level of the

surface of the water; the piles had to be accurately leveled 1 foot 4
inches below the top of the grillage. It thus became necessary,

let the stage of water be what it would, to enclose the area with a

cofferdam and dyke, and to pump out the water.

The cost of the coffer-dam and dyke, together 1700 feet long and
enclosing an area of 2^ acres was $1, 395.93

Pumping 1,504.21

Excavating for platform for the piles and grillage 1,587.87

Contingent services and contingencies belonging to these last

three items 561.00

Total cost $5,049.01

"We have then

For excavating, pumping and cofferdam $5,049.01

Grillage 5,513-93
Piles 17,017.67

$27,580.61

"Then follows the theoretical deduction of the formula already

mentioned,

L-F W°h

S (W-fP)

"The hammer with which these piles were driven weighed 1630

pounds. The weight of the spruce piles was found to be 39 3-5
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pounds to the cubic foot, but the piece weighed was rather more
dry than the average of the piles,—they may be assumed to have

averaged at least 40 pounds per cubic foot."

An example follows giving an application of the formula, and

making L = 118,175 pounds, claimed to be an average value for

piles driven.

"Each pile supports 28,575 pounds. They have been loaded

with 23,800 pounds since the fall of 1846 (three years), and the

total now is 28,575 pounds."

"Bastion A, the bastion nearest the channel, was finished in the

fall of 1846, with the exception of the parapet wall surmounting

the scarp. In that bastion the piles were longer and heavier and

they also went further under the last blows. The formula applied

to those in the neighborhood of the salient would give about 85,000

pounds as the load they could sustain. They have sustained for

three years 23,700 pounds each; the parapet wall will add about

4000 pounds to each pile."

"Thus, Fort Montgomery gives three years' experience in

favor of a coefficient of stability of 3 6-10 when applied to the

calculation, under the supposition of a constant force."

In discussing the theory further, he closes as follows:

"There might be circumstances perhaps to make the intensity

of the retarding force greater at some intermediate moment than

at the commencement or close of the motion, as, for instance, a

very thin, hard stratum just below the point of the pile; before the

pile should reach it the penetration would be easy; it would be

difficult while passing through it, and again become easy. But

there were no such circumstances in the cases in question. The

borings in Bastion A, down to the depth of 35 feet, gave a mixture

of a very fine clay and sand, so fine that, when dried and rubbed

between the fingers, it made an almost impalpable powder.

"Many cases occurred in which after a pile had been driven

some days another blow was struck, and the result was invariably

a less motion than was to have been expected if this blow had

immediately succeeded the others. One of these cases occurred in

which a pile that on the 18th of September was driven from 4^ to

5! inches on the last four blows, on being struck again on the 20th

of September was driven but two inches."

"In stating the average weight with which the piles are loaded,

no deduction has been made for the influence of the water (in the

spring months) in reducing the weight of the masonry. In certain

seasons, and for a short time, this might reduce the loads from

four to five per cent.
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Table showing the circumstances under which some of the

piles were driven {jj given in the memoir):

Diameter of Length before
Fall

Several penetrations of Pile
No. of Kind of Pile in nches. and after cut off.

1 H a n1 -

with a few of the last blows
Pile. Wood. mtr ar.

in corresponding order.

Butt. Point. Before. After.

32

the last

blow. Inches.

I Spruce. I2>^ 9U 32 II 34 10 5
lA-4 l/-3 7A-3%-3 l

/2.

2
"

17^ 13 33 31 2 33 11 4%-3^-3^-2^-2/8.
3

1 i

14 11^ 32 31 4 35

1

io-6^-5^-4^-4>s-3^.
4

"
14 9^4 33 3i8 345 5-4^-4-3^-

5
"

I3l^ 10X 32 320 360 5X-4^-4^-4^-3^-
6

" I4X 10X 32 32 35 10 5-4^-4^-4^-3^-
7

1

1

14^ 10 32 31 10 35 7 4X-4^-4^-4^-
8

< (

I4/V 10 33 32 1 34 10 5X-4^-4^-4-3^-
9

t <

14X 10^ 32 3i 5 35 3 5^-5-5-4^-
10 '

*

14 II 33 32 9 358 4"3^-3X-2^-2^.
11

"
12 9% 33 33 359 5-4X-3^-3^-3^s-3^-3-3-

12 Hemlock 14 11 29 29 2 35

1

ii-ioX-9K-9X-7^-6^.
13 Spruce. 13% 9 3i 30 2 35

1

io-8X-6^-5-4^-3^-
14

'

'

14^ 12 3i 30 2 34 11 6-4X-3^-3^-3.
15

(C I2# 9% 314 31 358 9^-6^-5-4^-3^-3^-
16 I3X 9% 309 306 359 6-5-4%-a-^U-
17 Tamarack 15 n lA 29 11 29 2 35

1

8-7-6-4X-4X.
18 Spruce. 15^ ii^r 32 1 28 7 326 5-4-3^-3^-3X-3-2X-
19

" 16 14K 31 9 28 1 32

1

5-3^-3X-3-3-3-3X-
20

11 12^ 9
1/ 31 6 3i 1 353 I7-H-7X-6X-5-5X-

21
it

13 9^ 31 306 353 29-27-I6-9X-6X-5-
22

1 <

H'A 10^ 320 29 2 333 9
lA "7-5^"3^-3^ -2X-

23 Hemlock 15X 10K 31 10 29 10 341 6^-5X-4^-3^-3^8-
24 Spruce. 16 11 31 4 29 11 345 5tt-4X-3H-itt-3tt.
25

i<
13 10 32 5 30 5 33 10 7^-6X"5^-4K-3^-

26 '

'

14X 10X 32 29 9 338 5-4^-4-3^-
27

"
14 10 33 314 34 5 5^-4^--4^-4-3^.

28
"

13^ 9Y2 33 314 344 5
lA-4%-4%-4-3%-

29 15 9% 33 326 355 3^-3X-3"3-3-3-

From these extracts we see that Colonel Mason did not obtain

his formula from ultimate loading. He obtained it from theory

and then "tried it on," figuring out a factor of safety of 3.6.

It is stated that there has been some settlement since 1850

(Van Xostrand, 1882). Best recent information is that settlement

stopped 1886.

Chief Engineer Jos. G. Totten, U. S. Army, seems to have

inspired his men to do original work; and we come to another

example of this in the work of Brevet Major John Sanders.

The following is his well-known paper:

MAJ. JOHN SANDERS FORT DELAWARE.

For the Journal of the Franklin Institute. "Rule for Calculat-

ing the Weight that can be safely trusted upon a Pile which is

driven for the Foundation of a Heavy Structure," by John

Sanders, Brevet Major U. S. Engineers.
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"A simple empirical rule, derived from an extensive series of

experiments in pile-driving, made in establishing the foundation

for Fort Delaware, will doubtless prove acceptable to such con-

structors and builders as may have to resort to the use of piles,

without having an opportunity of making similar researches.

"I believe that full confidence may be placed in the correct-

ness of this rule, but I am not at present prepared to offer a state-

ment of the facts and theory upon which it is founded.

"Suppose a pile to be driven, until it meets such an uniform

resistance as is indicated by slight and nearly equal penetrations,

for several successive blows of the ram; and that this is done with

a heavy ram (its weight at least exceeding that of the pile) made to

fall from such a height that the force of its blow will not be spent

in merely overcoming the inertion of the pile, but at the same time

not from so great a height as to generate a force which would

expend itself in crushing the fibers of the head of the pile.

"In such a case it will be found that the pile will safely bear,

without danger of further subsidence, 'as many times the weight

of the ram as the distance which the pile is sunk, the last blow is con-

tained in the distance which the ram falls in making that blow, divided

by eight.' For example, let us take a practical case in which the

ram weighs one ton and falls six feet, and in which the pile is

sunk half an inch in the last blow; then, as half an inch is con-

tained 144 times in 72 inches, the height the ram falls, if we divide

144 by 8, the quotient obtained, 18, gives the number of tons which

may be built with perfect safety in the form of a wall upon such a

pile.

"Fort Delaware, September 27, 185 1."

GENERAL RICHARD DELAFIELD FORT DELAWARE.

As to the experiments themselves, I will refer to "Foundations

in Compressible Soils," 1868, by Richard Delafield, Brevet Major-

General. General Delafield is the "Captain Delafield" of the

memoir, and was therefore connected with the work at Fort Dela-

ware in 1833 and later. He says:

"Major Sanders's experiments at Fort Delaware were made
with a view of deducing a rule for foundation on compressible

soils, without any firm substratum lying within reach of piles, for

calculating what weight each pile would bear with safety, by com-

paring the distance it was sunk at the last blow with the force of

the blow, it being understood that the pile has been driven to

such an extent that for a number of blows the penetration has been

uniform for equal blows.
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"To ascertain such a rule two sets of piles, of four each, were

driven, and a platform built on their heads; they were then loaded

with blocks of stone piled regularly on the platform; and at

regular intervals of time the amount of subsidence caused by the

weight, which was periodically augmented, was noticed.

"These piles were 12x12 inches X30 feet yellow pine. They
were not driven through the alluvial; their points were about 20

feet from the sandy sub-soil, so that their stability was due to the

accumulated and constantly increasing resistance of the same

medium. In one experiment the four piles were driven to a depth

of about 24 feet each, with a pile-driver that struck thirty-four

blows in a minute, with a ram of 2000 pounds and a uniform fall

of 6 feet. An artesian well sunk on this island in 1834 found mud
continuously to a depth of 46 feet below low water mark; then

20 feet of sand; then 30 feet of coarse sand containing shells. It

then entered and penetrated for 47 feet a bed of marl which con-

tained boulders.

"At the penetration of 24 feet each of the blows of the ram
drove them about an inch, or exactly 1-74 of the fall of the ram.

Settlements.

Loads Time. Total Time. DistaTice Total Dist.
on the 4 piles Months. Months. in 1-32 inches, in 1-32 inches.

60,700 6 6 6 6

75.700 • .. 6

94,000 1 7 2 8

94.000 3 10 o 8

107,500 1 11 1 9
121,800 8 19 7 16

121,800 ^3 52 16

134.000

59 C 16
147,000

160,000

174,000 J

189,500.... 17 76 10 26

189,000 48 124 6 32

"The conclusions that may be derived from it are obvious;

that the subsidence had ceased may be safely assumed. It follows

that a building on piles, driven in soils exactly of the nature 'of

that in which these experimental piles were placed, will be safe if

we do not load them with a greater weight than —=- The coeffi-

cient was, however, fixed by Major Sanders for safety at
-J.

"Conversely, having given the weight of the superstructure,

we can by the same rule ascertain the minimum number of piles

that will sustain it, if driven to a fixed depth, or the depth to

23
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which an approximately fixed number of piles must be driven to

effect the same purpose.

"There were two experiments of the kind we have described

made at Fort Delaware. The second one continued three and a

half years, had similar results and was equally regarded in the

determination of the coefficient used in the rule.

"From other experiments made during the same period Major

Sanders ascertained the relation between the living force of the

ram and the distance the pile is sunk for different falls, by a series

of experiments on 64 piles which received 1900 blows from a ram

of 800 pounds. It was found that when the fall was less than 3 feet

the useful effect was extremely small; that it gained in a rapidly

increasing ratio as the fall was augmented, a foot at a time, to 5

feet; and that at this point the ratio of useful effect to the force

expended is at its maximum, and that the piles are driven to dis-

tances proportional to the blow; or, in other words, that there is

nothing gained by increasing the fall beyond 5 feet. For example,

two blows of 5 feet will sink a pile as much as one blow of 10

feet; three blows as much as one of 15 feet; four blows of 5 feet as

much as one of 20 feet.

"It was also found that if the 5-feet blows followed each other

in rapid succession, the useful effect was rather greater than if the

interval employed in common hand-power machines for hoisting

the ram was allowed to elapse.

"From 1833 to 1838, 11,000 piles of 45 feet in length, 12 inches

square at head and not less than 10 inches diameter at the small

end, were driven for the foundations of Fort Delaware, under the

superintendence of Captain Delafield of the corps of engineers,

with a hammer of 1800 pounds, by blows in quick succession with

steam power, the maximum fall of the hammer being 45 feet.

Since 1850, 4500 additional piles were driven, under Major San-

ders' superintendence; from which experience he has drawn the

preceding deductions. Sixty-six hundred of these piles are under

the scarps and casements of the present work.

"In 1848 the excavations for the foundations of the work

existing at this time (1868) were commenced, and completed in

1849, and the piling by Major Sanders heretofore referred to was

finished in 185 1. By 1853, 2000 tons of masonry had been laid on

these piled foundations, and in 1859 the walls, arches and other

masonry were finished.

"Three bench-marks were established in 1854, reference to

which was made in 1859, when it was found that the masonry had

not settled in any part. From 1859 to October, 1866, the settle-
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ment in reference to the above bench-marks was 4 inches at the

maximum point and 2.65 inches at the minimum, and a mean set-

tlement for all the observed points of 3.19 inches. No crack was

perceptible in any part of the work in 1866 or in 1868."

Recent observations (1897) show that the fort stands with a

single small unimportant crack in one casemate arch.

It is well to note here that Sanders considers the ultimate load

as —=-' So when he recommends -—„- he assumes a factor of 2%
3 S 8 S s

only.

Also that his experiments show that the sustaining power

varies directly as "h" when the drop is 5 feet or over.

PEXSACOLA NAVY YARD, FLORIDA.

Various authorities give results of tests at Pensacola Navy
Yard Dock, built in 1851-52.

The soil is clean white quartz sand to a depth of about 40

feet, resting upon a bed of soft clay. The sand is so open that a

cubic foot saturated contained 6 quarts of water.

A space 140 x 180 feet was enclosed by driving yellow pine

piles 12 inches square to a depth of 20 feet in contact with each

other, forming a cofferdam. Within this space the sand was exca-

vated to a depth of 14 feet below tide. Piles 4 feet centers driven

until a 2200-pound ram fall 30 feet could not move them more than

J inch.

A series of experiments were made under the direction of a

special board of officers. The upward tests are what interest us.

The trial pile was about 29 feet long, 16 feet in sand; diameter, 13^

inches; weight, 1632. Tested two months after it was driven.

Table of Tests.
Pounds.
78,000 no movement.

]

80,000 resisted Yi minute and then rose |

very slowly.
J
Rose 2 x/2 ins. in 30 min.

82,000 i 2/3 min.
83,000 y2 min. J

60,000 18 hours. No movement.

„ - Rose 3 ins. in one hour; 6 ins. in all.
74,000 \

° '

50,000 for 2 days. No movement.

A single pile used as a fulcrum sustained 39 tons. Tests

showed that piles which one day penetrated 6-10 inch penetrated

\, \, 6-10 inch by three successive blows the next day, the blows

being given in one minute. "If the pile is allowed to remain undis-

turbed a short time, the power to move it afterwards must be greatly

increased."
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This is worth noting, and also the method of continuous testing.

A. C. HURTZIG—HULL DOCKS.

Further experiments on pulling piles are given by A. C.

Hurtzig, Associate Member Institution of Civil Engineers, in 1881,

Albert Dock, Hull.

The material was compact bluish clay. Above it was from 3

to 5 feet of peat, above which again were silt and sand.

The piles were 5 feet apart and formed a dam. It was made in

1874 and piles were drawn in January and February, 1880. That

is, they were five years in the ground. The piles may be consid-

ered as having been chiefly in the stiff blue clay. Before the piles

were drawn the clay puddle between the two rows was removed to

as low a point as possible, which was about 13 feet below the level

of the quay, or rather under high water mark of ordinary neap

tides. The clay puddle that could not be removed would increase

to a small extent the frictional resistance to drawing. A "cat-head"

was used to draw the piles, with frame, chain, and winch. To the

lower pulley-block a heavy sling-chain was attached, and this was

slung around the pile to be drawn and secured by wedges. The
power exerted by one, two or more men was ascertained by

allowing them to lift certain known dead weights with the winch

and tackle. Six men could haul up 41.0 tons. Five men could

haul up 35.5 tons, etc.

It would have been easy with a dynamometer to have had the

exact pull taken, but no such instrument was available.

There were 420 piles drawn, upon which 300 observations

were taken. The length varied between 20 feet and 49 feet; aver-

age length, 40 feet; average scantling, 12^ inches square =156
square inches, the sizes varying between 12x10 and 15x14. The
depths to which the piles were driven in the ground ranged be-

tween 6 feet and 30 feet; average, 18^ feet; average superficial area

of pile below the ground line, 76 feet.

The piles were not tongued and grooved, but driven close

together, so that only two sides could be taken as frictional area, or

38 square feet. For 300 piles the gross resistance per pile was

33.87 tons. From this must be deducted two items, the weight

of the pile and the power required to overcome suction.

The net frictional resistance, 31.82 tons, and this was on an

area of 38 superficial feet, gives 1875 pounds as the friction per

square foot in contact with the soil. The piles were of ordinary

rough Memel balk timber. With sawn timber there would prob-

ablv be a slight reduction in the friction.
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The piles in the dam were driven by 1 ton ram falling 5 to 6

feet. Penetration,
-J
inch to % inch per blow.

H. LEXTZ—CUXHAVEN HARBOR.

We also have a description of the method of pulling piles by

simple tidal action, Cuxhaven Harbor, by H. Lentz.*

The piles were in fine drift sand, which held them remarkably

fast. A trial pile 3.23 feet in circumference, driven to a depth of

15.7 feet, was extracted by a pull of 7 tons 16 cwt. after 23 days in

the ground. Numerous piles, on the average 17 inches in diam-

eter, required pulls of from 23.5 tons to 28 tons 15 cwt. after having

been embedded from 10 to 20 years at a similar depth.

Having used a rowing barge with windlass, and found it some-

what awkward, the author constructed a large timber box

22x19x6^ with slit or bay 34 inches wide, reaching from the mid-

dle of one of the longer sides to beyond the center of the box.

When totally immersed, the pull was 59 tons. By means of an

oak beam laid over the center of gravity of the box and attached

by chains to the piles, these latter could be floated out as before.

In some cases 50 and 55 tons had to be exerted before the pile

could be moved, but in no instance was the full power of the box,

59 tons, brought into requisition.

W. J. M'ALPINE BROOKLYN DOCK.

We come next to the valuable paper of W. J. McAlpine, Past

President American Society Civil Engineers, on "Pile-Work at

the Government Graving Dock, Brooklyn," which was presented

to the Institution of Civil Engineers, 1868. Extracts as follows:

'"The absence of any reliable data in the text-books upon the

weight which may be safely imposed upon piles has led the author

to present the subject, under the hope that it may call out the

recorded experiences of other engineers, for the purpose of com-

parison with, and perhaps a correction and extension of the formula

prepared from an extensive set of experiments made for the pur-

pose in 1847.

"Piles are used under the three following conditions: First, to

compact a soil which is not quite firm enough alone to support the

superstructure; second, as columns of support, when the material

immediately below the structure is very loose or fluid, and is under-

laid by a firm material to or into which the piles are driven; and

third, when the support is mainly derived from the adhesion of the

material into which they are driven, and slightly from their sec-

*Deutsche Banzeitung, 1879, quoted by Institution of Civil Engineers, 1880.
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tional area. The first two of these conditions will not be discussed,

but the present paper will be confined to the practical hints grow-

ing out of the author's experience in driving a large number of

piles of different kinds of timber and of different dimensions, and

with rams of different weights and falls and the use of various kinds

of power.

"The Government Graving Dock at Brooklyn, N. Y., is a

structure of granite masonry weighing 50,000 tons, the walls of

which commence 36 feet below the sea level, and the excavation

was carried 4 feet deeper.

"A considerable portion of the foundation had to sustain a

weight of 3 or 4 tons per square foot. A line-of-battle ship weigh-

ing 5000 tons would require to be mainly supported on its narrow

keel within a length of 200 feet, which gives an estimated weight

upon the keel of about 20 tons per lineal foot. The grillage and

foundation distribute this weight, but the center piles are probably

subjected to a weight of from 10 to 15 tons each.

"The material removed from the excavations was a fine sili-

cious sand, mixed with minute particles of mica and a little

vegetable loam and fully charged with water, rendering the mass

somewhat fluid, resembling quicksand, which it did become to a

depth of several feet wherever it was much trodden by the work-

men.

"Borings were made and trial piles were driven to a depth of

upwards of 50 feet below the excavation. These indicated the

same character of material to that depth, and it was believed to

extend 50 feet or more below the borings. The structure rested on

about 7000 piles, which were driven in rows 2\ feet apart, and at a

transverse distance of 3 feet all from center to center. Interme-

diate piles of very tough second-growth oak were frequently

driven. The main piles were chiefly round spruce spars, very

straight, from 25 to 45 feet long, averaging a driven length of 32

feet. They were not less than 7 inches in diameter at the smaller

end, and on an average of 14 inches in diameter at the larger end.

The heads of the piles were always protected in driving by bands of

iron 3 inches by 1 inch, and occasionally iron shoes were used,

but they did not increase the penetration, as the resistance was
chiefly from the lateral friction, and the tenacity of the pointed wood
was sufficient to displace the material at the bottom.

"During the progress of this portion of the work a careful

record was kept, which showed the distance moved by every blow
on every pile used in the structure, and the weight and fall of the

hammer at each blow. From this record it was ascertained that
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the number of blows required to drive 6539 piles in the foundation

an average depth of 32 feet was 2,\ to each foot of pile, and the dis-

tance moved uniformly diminished from the first to the last blow,

ranging from 8 inches at the beginning to no movement at the

end, and the average distance driven by the last five blows was 1 inch.

The effect of driving the intermediate piles by compressing the

material was to bring them all to the point of ultimate resistance.

The piles were secured at the top by a mass of concrete masonry

3 feet around the heads, and by a grillage of timber, plank and

concrete 2\ feet thick at the top. The piling machines were

strongly and accurately made, with the ways bound with smooth

plates of iron. The rams were of cast iron, swelled out at the

bottom to concentrate the weight at that point. They weighed

generally about 2200 pounds, but some were used of 1500 pounds.

The leaders generally gave a fall of 30 feet to the ram; but some

machines were tried with leaders of various lengths up to 57 feet.

"A considerable number of piles were driven by a Nasmyth
steam piling machine, with a ram of 3 tons and a stroke or fall of 3

feet, and making 60 to 80 strokes per minute. The other machines

were generally operated by steam power, giving an average of a

blow per minute; but occasionally the hammers were hoisted by

manual or horse-power. It was observed that the heaviest ram,

when striking blows of the same effect as lighter ones, did the least

injury, either to the head of the pile or to the protecting iron ring,

and this injury was still less with the Nasmyth hammer. It was

also found that no advantage was gained by increasing the fall of

the ram beyond 40 feet, as the friction on the ways then prevented

any increased velocity to the ram when falling from a greater

height. This experiment was repeated many times in the machines

with the longest leaders by tripping the hammer at various heights,

from 35 feet upwards, until the maximum penetration of the same

pile was ascertained. A few of the piles, under peculiar circum-

stances, had to be driven with a follower, which was made of very

tough oak, and well banded at both ends. The effect of the blows

of the ram was about one-third as much as when directly striking

the head of the pile. The Nasmyth hammer was capable of driving

the piles to a much greater depth than any of the other machines,

and although the force of its blows is much less than those of the

ordinary rams when falling nearly 30 feet, it produces a much

greater effect. With the former, piles were driven 35 feet in 7

minutes, while with the other machines similar piles required one

hour or more to drive them the same distance. Two trial piles

were driven with each ot these machines, with the following results:
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Table i.

Pile driven by the Nasmyth Machine.

The first 4 blows drove it 4 ins. each blow.

Next 8 " " "
'.

zVi

22 " 3

25 " " " • 2

40 " " " 13/4

56 " " " I/2
32 " " " I

T
/4

64 " " " iVs .

73 " " " 1

Last 49 " " " y2

373

"This pile was nearly the same size as the other trial pile, and

was driven 43 feet in 7 minutes with 373 blows, and was not iron-

shod.

Table 2.

Pile driven by a ram weighing one ton falling from l/2 ft. to 35 ft.

The first 100 blows drove it a few feet.

260 " " " 30 ins. in all.

265 " from y2 in. to i
l/> in. at each blow.

no " " " i^4 in. at each blow.

735

"This pile was driven 45 feet with 735 blows. It was 20 inches

in diameter at one end and 14 inches at the other, and was shod

with iron and occupied 166 minutes in the driving,—viz, 264

blows in 46 minutes, 265 blows in an hour, and no blows in an

hour.

"The ordinary piles were smaller and shorter than these trial

piles, and the ram in the common machines began with a greater

fall than above stated, on the trial pile, and there was not so marked

a difference between the two machines in the first part of the opera-

tion as was shown afterwards when the pile had penetrated deeper.

At first the force of the blows in each of the machines was absorbed

by the vibrations of that part of the comparatively slender, elastic

column which was above ground; but when it had been driven a

considerable distance into the earth these vibrations for the instant

removed the partially fluid material from contact with the pile for

nearly the whole of its penetration.

"In the case of the Nasmyth machine the blows succeeded each

other at intervals of a second of time, and before the material which

had been displaced by the vibrations of the preceding blow could
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subside again into close contact with the sides of the pile, and

therefore nearly the whole force of its blows was employed in the

displacement beneath the pile.

"In the other machines the blows were given at intervals of a

minute, by which time the vibrations caused by the pre:ed:ng blow

had ceased, and the semifluid material had partially subsided

around the pile, so that a considerable portion of the force of the

blows was consumed in overcoming the friction along the sides,

and in the removal by new vibrations, leaving only a comparatively

small part of the force to displace the earth at the bottom of the

pile.

"As before stated, the pile derives its support mainly from the

frictional surface in contact with the earth, which is measured by

the force of the blow due to the weight and velocity of the ram.

The ram, however, does not fall in free space, but meets with great

resistance along the ways, depending upon their smoothness and

the strictly vertical position of the machine at all times.

"In wet foundations the material obtains a degree of fluidity

when disturbed by the operation of driving which lessens the resist-

ance to the penetration of the pile; but the superior gravity of the

earth to that of the water causes it subsequently to settle in close

contact with the sides of the pile, and if not afterwards disturbed

gives a greater coefficient of support than if the same pile had been

driven through the same kind of material in a dry state. In using

comparatively slender piles the vibrations caused by the blows

enlarges the passage and loosens the material, and although they

absorb much of the power, they doubtless increase the penetration

at each blow.

"It would be hazardous, however, to trust to the effect of this

subsidence in a superstructure which is liable to vibration, and to

convey these vibrations to the piles; but when there is a large

mass of matter intervening, like that of the masonry of the piers of

a bridge, there is no danger from this cause.

"Experiments were made at different times during the progress

of the construction of the dry dock to ascertain the weight which

the piles driven in the manner described would sustain. For this

purpose one end of a lever of oak timber 60 feet long was firmly

secured to a cluster of piles with a short arm resting on the trial

pile. The bearings were angular steel bars resting on planed

plates of iron. The outer end of the lever was slowly weighted

with successive weights, winch towards the latter part of the trial

were allowed to remain several hours, and in a few cases a whole

night. A number of the foundation and cofferdam piles were
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withdrawn by a similar process, and the power required was also

ascertained. Many of these trials were made on piles of nearly

the same size and driven in exactly the same manner, and the

results were in all cases nearly alike, giving 125 tons as the weight

required to move a pile driven 33 feet into the earth to the point of

ultimate resistance [s=o] with a ram weighing one ton (2240)

and falling 30 feet at last blow. These trial piles averaged 12

inches diameter in the middle.

"The complete record of the driving before referred to also

enabled the selection of piles for some other experiments of dif-

ferent sizes and driven with rams of different weights and falls.

-

As these trials had to be continued until the final weights applied

produced a visible movement of the pile, and as some allowance

must be made for the friction and imperfection of the lever attach-

ments, and for the support of the sectional area of the pile, it was

believed that the extreme supporting power of this pile due to its

frictional surface was 100 tons, or 1 ton per superficial foot of the

area of its circumference.

"From an analysis of these experiments the following general

laws seem to have prevailed in these cases

:

"First. That the effect of lengthening the fall of the ram was

to increase the sustaining power of the pile (driven as before men-

tioned) in the ratio of the square root of the fall.

"Second. That by adding to the weight of the ram the sus-

taining power of the pile was increased by 0.7 to 0.9 of the amount

due to the ratio of the augmented weight of the ram.

"Third. That a pile driven by a ram weighing 1 ton and fall-

ing 30 feet will sustain an extreme load of 100 tons.

"The author is of opinion that under the most favorable cir-

cumstances the pile should not be loaded with more than one-third

of the result given by his formula, and where there is any danger

of a future disturbance of the material around the pile, or when
there is any vibration in the structure which may be communi-

cated to the piles, the load imposed should not exceed one-tenth.

"In the preceding discussion the bearing support due to the

sectional area of the pile has not been considered, as it forms so

small a portion of the support. Numerous experiments have been

made which give results of from 5 to 10 tons per square foot."

The formula is as follows, in terms of "h" and "w" only:

L (tons) = F 80 [o.228Vh + w (tons) — 1]

The discussion which followed was an interesting one. San-

ders's formula was generally spoken well of, while the above was
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spoken of as applicable only to the conditions which prevailed at

the Brooklyn Dock.

I will quote only T. D. Ridley, who said

:

"Eleven years ago (1857) I drove a large number of piles for

the foundations of the viaduct which carried the Border Counties'

Railway across the river Tyne at Hexham. The bed of the river

consisted of compact boulder gravel and sand, which latter mate-

rial, when it contained water and had a superincumbent load, was

perhaps the most difficult substance through which it was practi-

cable to drive piles. After the first few blows none of the piles

descended more than § inch for each stroke and at depths

ranging from 16 to 33 feet they responded only ^ inch to the final

falls of the hammer. Rams weighing 2000 to 2400 pounds were

found to be of little use in this case, and the piles usually failed

under the high fall of 16 to 20 feet which was required to force

them downwards. Seeing the injurious effect, a ram of 5000

pounds was used, and by giving a fall of from 8 to 12 feet, and never

exceeeding the latter limit, the piles were successfully driven. The
conclusions there formed as to the superiority of a heavy hamme.
with a low fall over a light ram with a long stroke in difficult

ground, had been amply confirmed by subsequent experience."

The practical nature of McAlpine's first two conclusions is

seen if we suppose the case of a set of specifications calling for a

certain weight of hammer, while the contractor is using another

weight. Opinions differ on this point. McAlpine says the sus-

taining power varies as the square root of "h" (that is, according

to the law of falling bodies) ; Sanders as "h" directly, while Traut-

wine, also from experiment (see "Pocket Book"), says the cube

root of "h," etc.

Only McAlpine has made experiments of the kind indicated in

his conclusion Xo. 2.

It might be well to say here that specifications should also

cover any correction for batter of piles, or for the effect of rest

already mentioned. In this last case the contractor would claim

the benefit, if any, resulting therefrom.

In several of the preceding papers there has been mentioned

the fact, well known among pile-driver men and the profession, of

the increased resistance, under some circumstances, of the pile

after a period of rest. Exact data, with time limit, if any, are

wanting. Also data on the effect of a persistent quiescent load.

It is customary to tap a pile before pulling it with the hammer line

or tackle.
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CHARLES COLSON PORTSMOUTH DOCK.

An interesting set of tests bearing on these points is found in

Mr. Charles Colson's paper on Portsmouth Dock Extension

(Inst. Civ. Engrs., 1881).

After tabulating the results of the driving of 12,088 piles,

wherein is given nearly everything except the ultimate sustaining

power, he applies formulae, getting safe loads of fifty, sixty and

seventy tons per pile. The strata are those immediately below

the London clay, consisting of compact sandy beds, containing

masses of hard concretionary stone or shell rock; some not con-

taining the shell rock, and some driven to a still lower stratum of

hard clay.

The last sets were about £ inch from the fall of a 1600 pound

ram; height, 20 feet.

"During the progress of the work it was observed that on the

resumption of driving, after an interval of some hours, the set of

the pile was invariably much less than that observed on the cessa-

tion of driving, the fall of the ram being the same. This result is

to be accounted for, in a great measure, by the fact that during the

process of driving the ground is to a great extent disturbed; the

vibration also of the pile causes the hole, from the surface down-

ward, to be slightly enlarged, thus relieving the pile from the full

frictional resistance.

"In order to obtain information as to the extent of such in-

creased resistance accruing from quiescence a number of special

observations were made upon piles, the driving of which was com-

pleted, or nearly completed, immediately before leaving work for

the night, as many as possible of the piles which gave an excessive

first set being included. On the following morning one test blow

of the ram, with a full fall, was given, and the resulting set com-

pared with that recorded on the previous evening. It is shown

by these observations that thirty-nine beech piles, averaging

13.076 feet in length, 123.863 square inches in sectional area, and

showing 0.0540 feet set, gave, when tested the following morning,

an average set of 0.0234 feet, showing an increased resistance in

the ratio of 2.30 to 1.

"Seventy-four fir piles, averaging 19.74 feet long, 162.70 square

inches sectional area, and showing 0.0366 feet set. gave, when
tested the following morning, an average set of 0.0130 feet, show-

ing an increased resistance in the ratio of 2.81 to 1."

Applying these new values in the formula he gets what he

calls "augmented stability," running from 118.77 tons to 232.21

tons.
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"These ratios have been calculated on the assumption that the

whole pressure is supported by the piles; an assumption which is

untenable, inasmuch as the whole space between the piles and up

to the under side of the longitudinal sleepers being filled in solidly

with Portland cement concrete, the pressure is of necessity dis-

tributed over the whole area of the foundation; in fact, particular

care was taken to insure this condition.

"During the progress of the pile foundations, observations

were made with a view of obtaining data on which to found some

idea as to the extent to which the ground was compressed by the

piles. The effect of driving was to raise a cone of earth around the

pile, the base extending to a varying distance; this being repeated

by the driving of each pile, produced a raised, undulating surface

over the whole area.

"The ground consisted of the compact, sandy beds imme-

diately below the London clay; the mean rise of the surface, due

to the driving, was found to be 0.75 feet. Therefore, over an area

of 52 feet by 24 feet, containing sixty-six piles, the heads of which

averaged 1.33 square feet in area, the quantity of ground lifted

would be equal to 870.17 cubic feet. Deduct one-quarter due to

disintegration by driving, leaves 652.63. The quantity of timber

driven as piles within the above area is 66x12x0.854, or 676.36

cubic feet.

"Therefore, the displacement of ground due to the pile-driving

will be equal to 96 per cent, of the whole quantity of timber driven."

Other ground "of a somewhat more argillaceous character"

gave displacement 64 per cent, of the total quantity of timber

driven.

Other strata still "of a compact blue clay," the upper surface

being "more plastic and compressible," gave 47 per cent, of the

total quantity of timber driven.

Results like these last give a definite idea as to whether the

piles act as simple columns to transfer the load to strata under-

neath, or whether they act as compressors of the interfluent soil.

MAJ. E. T. D. MYERS AQUIA CREEK, VA.

Further experiments on the value of quiescence are those at

Aquia Creek, Va, Major E. T. D. Myers, 1885.

Bents 12^ feet centers, six piles each, 15 to 18 inches butt,

length 50 feet. Grade line 15 feet above low water; in use fourteen

years. Piles driven in a liquid mud. Two bents, of six piles each,

were driven, upon which a platform was placed, and upon this a
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weight of 75,000 pounds, uniformly distributed. The experiment

was made nineteen hours after driving.

No settlement taking place, piles Nos. 2 and 5 in each bent

were cut out, leaving four piles in each bent. Then No. 3 of the

seventeenth and No. 4 of the eighteenth were cut out, leaving only

three piles in each bent. About 5000 pounds was then added to

the load, when No. 6 of the eighteenth bent yielded, followed by

No. 3 of the same bent, and sank until Nos. 4 and 5 were again

brought to bear.

It required, therefore, about 13,000 pounds each to start the

piles. The record of the driving was as follows:

/

o o
Bent 17.

Pile No. 1

" " 2
.. u

3
"

4
" " 5
" " 6

Fall from 3 to 10 ft. 2000 lb. hammer
11 blows, last blow 7 ft

13

o o
4-

6

O

7 ft. 11 in

9
"

9

9
"

18 "

8
"

17

S 6 "

7
" ioY2 "

§ o
Bent 18.

Pile No. 1. 12 blows, last blow 5 ft.

" '• 2. 8 4
"

• " 3- 8 " " " 4
"

4- 9 " " " 3
"

5- 14 " " " 10
"

" " 6. 5 " " " 9-8 ft.

10/2 in.

8
"

sy2 "

4

9
"

22 "

A pile 40 feet long, after sinking 30 feet with its own weight

and that of the hammer weighing 2000 pounds, was struck with a

blow of 2-feet fall, and then settled 6^ inches in one minute, by the

weight of the hammer. Four weeks after this a blow with a fall

of 5 feet did not move it. A blow of 14-feet fall drove it 4^ inches.

"Also at the Gunpowder River piles 40 to 50 feet long were

driven until they did not sink more than 18 inches under a hammer
weighing 1800 pounds falling 20 feet. Four piles to the bent. In

neither case was a hard stratum passed through or reached."
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W. M. PATTON, IN "FOUNDATIONS."

"This," says Mr. W. M. Patton in his "Foundations," "is but

the common experience in the Southern swamps. In all cases

above alluded to, these trestles have carried, without settling, the

heavy trains of the present day."

Mr. Patton continues: "Some eight miles of trestle con-

structed under the writer's direct supervision in the Southern

swamps, the bents containing four piles, spans 12^ feet, depth of

pile in the soil varying from 30 to 35 feet, the penetration varying

from 6 inches to 2 feet at the last blow of a 2000-pound hammer
falling only a few feet, has carried for tzi'enty years the heaviest

trains without any settling. In the abutments of some of the bridges

in these swamps the piles have carried with perfect safety 17,000

pounds to the pile. How much more they are capable of carrying

is not known.

"In one of these abutments, piles only 30 feet in the soil could

not be moved, by continued hammering, with high falls, a few days

after driving. The experiment was made as the writer was not

satisfied with the record of the original driving, and desired the

piles to be driven to a greater depth. Finding it impracticable to

move the piles, he determined to hammer one or two to destruction

or move the piles; destruction was the result, and new piles were

driven to take their place. We may therefore conclude that piles

from 30 to 40 feet, in even the softest alluvial soils will carry, by

frictional resistance alone, from 20,000 to 25,000 pounds, or 10 to

12^ tons.

"There are examples of piles driven in stiff clay to the depth

of 20 feet that carry from 70 to 80 tons per pile; this is an

unnecessarily heavy load, and when driven from 2.\ to 3 feet centers

they will rarely have as much as one-half the above loads to carry.

There are many instances in which piles carry from 26 to 40 tons

under the above conditions.

"In sand and gravel, piles will carry to the full extent of the

crushing strength of the timber, provided the depth in the

material is sufficiently great to prevent vibrations from reaching

the point of the pile; other considerations will require this depth

to be at least 10 feet or, at most, 20 feet.

"Any further hammering on piles in such materials is a waste

of time and money, and injurious to the pile itself. To hit such a

pile 100 to 150 blows to drive it an inch, as has been done, is simply

follv."
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D. MCN. STAUFFER SOUTH STREET P.RTDGE, PHILADELPHIA

In spite of this testimony in favor of increase of bearing power

with time, there have been instances of failure, clue to various

causes, not expected at the time of driving. Perhaps the most

noted one, excepting London Bridge, is that of the western arched

approach to South Street Bridge, Philadelphia, where nine seg-

mental arches, 43 feet 6 inches span, 14 feet rise, 55 feet width,

were destroyed, owing to the failure of piles in one pier.

The following is the theory of the constructive engineer,

D. McN. Stauffer,* to account for the stability of the structure for

a period of six or seven years before failing:

"That at the south end of Pier No. 2 the piles were driven

almost, if not quite, to the rock, there not being a sufficient thick-

ness of hard material to prevent this being the case, and, as a conse-

quence, that end stood firm; but at the north end of the pier, under

the heavy driving, the piles penetrated almost through the hard

stratum, say to within two or three feet of the upper limit of the

'mud pocket.'

''When this point was reached the direct and frictional re-

sistance was sufficiently great to prevent further penetration. Just

what this frictional resistance was, can, under the circumstances,

only be estimated. Rankine's rule, as here applied, would give

about 8 tons per pile. Be this what it may, from the nature of the

material, it must have been considerable, and events prove that

there was a sufficient amount of hard material between the mud
and the toe of the pile to support the structure for a long time.

"But the tremor in the piles, produced by the heavy and con-

stant travel over the approach, was in this case an element of de-

struction. This tremor had a tendency to loosen the pile from the

impervious material into which it was driven and allow the surface

water to slowly find its way down along the pile. In time this

water would 'lubricate' the pile and destroy the frictional value of

the mud, and constantly add additional load to that originally car-

ried by the toe of the pile, which original load we will say, in this

case, was 16 tons.

"Possibly before the whole of the 8 tons (previously carried

by friction) was added to the 16 tons already on the toe, the safe-

bearing value of the hard crust was reached and the structure be-

gan to settle into softer material beneath it. Whether the piles

punched through the crust or whether piles and crust sank together

cannot be ascertained."

"No borings or test wells were taken previously."

*American Society Civil Engineers, 1878.
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MAJ. G. WEITZEL PROCTORSYILLE TOWER, LA.

Another instance of failure is that of the pile and grillage foun-

dation for Martello Tower, Proctorsville, La., 1856-57. Van Xos-

trand, 1882..

Major G. Weitzel says: "The site of the tower, as deter-

mined by actual borings, was found to have the following charac-

ter,—viz

:

"For a depth of 9 feet there was mud mixed with sand; then

followed a layer of sand about 5 feet thick; then a layer of sand

mixed with clay from 4 to 6 feet thick; and then followed fine clay.

Sometimes clay was met in small quantities at the depth of 6 feet,

as well as small layers of shells. By draining the site the surface

was lowered about 6 inches.

The foundation piles were driven in a square of 20 piles on a

side, 4 feet centers. Twenty-four piles were omitted to leave room
for fresh water cisterns, and two extra ones were driven to

strengthen supposed weak ones. Total number, 378. The piles

were driven to distances varying from 30 to 35 feet below the sur-

face, or from 10 to 15 feet into the clay stratum. The average

number of blows to a pile was 55, and mainly hard driving. After

all these piles were driven 10 additional hard ones were put in to

strengthen supposed weak points. Each one required over 100

blows to drive it.

Before beginning the foundation I drove an experimental pile

exactly in the center of the site. It was 30 feet long, 12^x12 inches

at top and ii^xii inches at butt. It was sharpened to a bottom

surface about 4 inches square. Its head was capped with a round

iron ring. Its weight was 161 1 pounds, and the weight of the

hammer was 910 pounds. Its own weight sank it 5 feet 4 inches,

and it required 64 blows to drive it 29 feet 6 inches deeper.

"The fall of the hammer at the first blow was 6 feet, increasing

each successive blow by the amount of penetration, excepting the

last ten blows, when the fall was regulated to exactly 5 feet at each

blow. The penetrations in inches were as follows for the last ten

hlnwc- £.2.1112,13 3 3U1UUS. H , 8 , 4 , 4 , 2 , g> 4) s> S> 8"

"This pile, according to Colonel Mason's formula, should have

borne 52,566 pounds. I loaded it with 59,618 pounds, and it

did not settle. I afterwards increased the load to 62,500 pounds,

when it settled slowly. The greatest weight to be carried by any

one pile was bctz^'ccn 30,000 and 35,000 pounds.

"The tops of the piles were sawed off on a level and the whole

surface between them covered with a flooring of 3-inch planks

tightly fitted in, the upper surface of this floor being flush with the

24
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tops of the piles. They were then capped in one direction by

stringers 18x18 inches X85 feet long. Each of these stringers was

constructed by splicing, using the regular scarf joint. These were

bound together by I2xi2-inch stringers let into the i8xi8-inch so

that their top surfaces were flush. In the little squares thus

formed, and next to the i8xi8-inch timbers, were laid short pieces

I2xi2-inch timbers and the intervals filled in up to the level of the

latter with concrete. The whole grillage was then levelled off with

short pieces of 6xi2-inch plank. This grillage was therefore 18

inches thick. Long sheet piling was driven for the scarp of the

wet ditch, the upper ends resting on the inside of the stringers on

the outer row of piles.

"In order to distribute the weight of the tower uniformly over

this foundation, strongly reversed groined arches were turned, the

space between their backs and the grillage being filled in with solid

concrete masonry. When the brickwork of this tower, which was

carried up evenly on all sides, was about half completed and the

foundation had on it less than half the load it was designed to

carry, the appropriation became exhausted and the work was
stopped. This was in the spring of 1858.

"When I visited the work six months after I found a marked

settlement. The four salients apparently remained intact, but on

every side the settlement was about the same, and largest about the

middle, so that the courses of brick, which were laid perfectly level,

had the form of a regular curve."

G. T. Beauregard, Captain of Engineers, had ordered experi-

ments to be made by Architect Roy, who had charge of the new
Custom House at New Orleans, La., and these had been made in

1851-52. There were thirty-five tests made, with sizes of bearings

on the soil varying from ^x^ inch to 24x24 inches, and the con-

clusion was that, "contrary to the general opinion, a larger surface

sinks more than in proportion to its area."

Major Weitzel further says: "The table of experiments sent

by Mr. Roy, and the result of the experience gained at Proctors-

ville, La., show conclusively that although Mason's rule may hold

good for an isolated pile, it cannot be depended upon for a system

of piles such as are driven for foundations. In order, therefore,

to determine the factor of safety for such foundations, the views

and experiences of the officers of corps would be valuable," etc.

OVERLOADING STRATUM.

Considering this point of the entire bearing area, Mr. J. Foster

Crowell says (Am. Soc. Civ. Eng., Aug., 1892): "It is quite pos-
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sible to overload the stratum by driving piles too thickly; it is

sometimes thought that if three piles, for instance, are good in a

certain area, six will 'make assurance doubly sure.' This policy is

not only costly and foolish, but in many cases it is dangerous. A
certain public building in New Orleans, of which the author has

heard, stands on an enormous number of square piles, driven so

as to touch one another; in other words, there is a solid wall of

wood, and instead of each pile having four surfaces in contact with

the sustaining stratum, only the outer rows have contact, and they

but on two surfaces; there are, therefore, from four to six times too

many piles used, and the support is still much less than could have

been obtained."

Other instances of failure not expected at the time of driving

are given in American Society Civil Engineers Transactions,

August, 1892, data by J. C. Trautwine, Jr.

PROF. FRANZ KREUTER.

Continuing the evidence, not strictly experimental, however,

we have a paper quoted in Proceedings of Institution of Civil En-
gineers, written by Prof. Franz Kreuter, of Royal Technical High
School, Munich, 1896. After explaining the merits of the formula,

L == f hl ~ h
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he says: "Preparing to ascertain the supporting power of piles,

by the method explained, the following precautions are of great

importance:

"First. The piles should rest for some time, in order to allow

the stresses produced in the ground by the penetration of the piles

to be relieved. It has been stated from experience that piles fre-

quently penetrate with renewed ease after some days' rest. An
immediate test-driving might therefore lead to erroneous results,

and to too high an estimate of the supporting power of the piles.

"Second. The head of the test piles should be sawn off to

present a sound and solid surface to the blows of the hammer.

"Third. The number and force of the testing set of blows

should be such as not to crush the head of the pile."

MR. CHARLES DAVIS JAMESON.

Again, Mr. Charles Davis Jameson (Member American Soc
Civ. Eng.) says (R. R. and Eng. Journal, 1889) : "Another thing to

be remembered in driving piles to a secure foundation is the differ-

ence between the ultimate load that is to rest on them and the

quick blow of impact which is given them in driving.
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"It is an established fact in mechanics, and also in practice,

that a permanent load resting upon a pile will eventually have ten

times as much effect upon it as that same load brought quickly

upon it and as quickly removed. So that although the pile may
penetrate a very little distance from each blow of the hammer,

and the weight of the hammer, multiplied by the velocity which it

has at the time of impact, may give a blow that in pounds is much
greater than any weight that will come on it from its permanent

load, still, after the' permanent load has been resting some time

upon the pile, we very often see examples where it begins to yield;

the foundation sinks; and as in very few cases it sinks with regu-

larity over its whole surface, the result is that, if the superincum-

bent load consists of masonry, one part sinks while the other does

not, and there is a crack or fracture in the masonry."

Mr. Jameson apparently assumes that the pile receives its

maximum skin resistance as it goes down, and does not increase it

afterwards. He assumes that the same principle applies to pile-

driving as to testing metals or timber in general; that is, that the

ultimate strength may be made to depend considerably upon the

time occupied in testing.

No experiments accompany his statements.
\

In several of the preceding papers much has been said in

praise of the Nasymth type of hammer, and much more can be said

on that point. At the present time it is rare to see one hereabouts.

For sandy soils, there was a question at one time whether it was

not more economical than any driver. The following report of

Lieut. F. N. Abbot, U. S. Engineers, discussed the matter

(Chicago, 1883):

LIEUT. F. N. ABBOTT WATER JET, ETC.

"The water jet drivers on the long average do as much or

more than the (Nasmyth) steam hammer; and this in the class of

work now under execution here, where the machine shops of the

company are available at any instant.

"The leads last between three and four times as long with the

steam hammer as with the drop hammer. A hammer line lasts

the steam hammer one month, while it needs replacing about once

in five days with the other form. Say it will drive 500 piles on a

jet, 3000 on the steam hammer driver.

"The steam hammer leaves the pile head as good as it was

before driving, while the jet driver injures the head to a consider-

able extent. On this account, in contracts for wharf work, it is
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not infrequently stipulated that all piles be driven by steam

hammering'.

"On a car, in land driving, the steam hammer is immeasurably

superior, as there is much less jar and the water needed is not

excessive.

"Sixty-five piles a day are expected of every driver in the Lake

Shore protection ; if less are driven the matter is looked into. Hard

bottom is liable to reduce this number very largely."

As to the possible economy of using steam hammer drivers on

the Mississippi River, he says: "The cost of the Illinois Central

Railroad driver of this form was:

Steam hammer (of weight 7500 lbs.) $1,593-50

License to build and use 500.00

Hull 2,000.00

Boiler and engine 2. ^3.59

Total $6,427.09

"The weight of this size of hammer is too great for cottonwood

piles; the second size, weighing one-half as much, would be what is

required. Its cost, free of license, if obtained direct from the

manufactory, is (price 1883) $875. The only possible saving

would be in lessening the time now spent in actual driving, and

this, with our present form, is but a small fraction of that needed

per pile. The difference in the cost of the present hammer ($80)

and the steam hammer ($875) is $795, and under the most favorable

circumstances it would take a long time to pay for itself. The
more simple the machinery used the greater is the chance of real

efficiency when the work is carried on, as under this office, at a

distance from machine shops.

"If any saving is to be made by extensive change of plant it

must be found in some method of driving more than one pile from

each position of the flat, thus eliminating partly the slow and vexa-

tious changes of position in severe currents."

Major O. H. Ernst further says: "Lieutenant Abbot ascer-

tained that the rapidity of penetration of piles sunk by the water

jet and hammer combined is remarkably uniform when the average

of a great number of piles is considered, and when the depth does

not exceed 16 feet, the rate being about the same for the last two
feet as for the first two."

It is not stated what is the cost of a pump to feed the water

jet. This item would reduce the balance of $795 referred to.

The price of steam hammers to-day is not more than one-half
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the figures given. However, the manufacturers do not claim a

superiority in sandy soils. In general they claim a superiority for

foundations of buildings, docking and certain other classes of

work. There has been recent evidence in support of their claims.

D. M. CURRIE—PILES DRIVEN BUTTS DOWN.

The jet has another advantage. Piles may be easily driven

butt down, as appears in the report of D. M. Currie, U. S. En-

gineers (St. Louis, 1881), as to work on the Mississippi River. He
says:

"There were in this place strong scouring currents, with line

of piles broken by ice at times. The piles were prepared for

driving by sharpening the butt ends with glut points before they

were placed in the water. They were driven 8 or 10 feet in the

gravelly bottom, the hammer was lowered and used in connection

with the jet, tapping the pile lightly with 2-foot fall, which, by

keeping the pile continually in motion, prevented the sand from

settling around it and stopping its progress. The piles were

usually driven about 13 feet, and the actual time of driving was

about 4 minutes.

"The saving in cost of driving the piles does not represent the

whole advantage gained in using the jet. The piles being driven

butts down gives a greater sectional area at the bottom, where the

strain is greatest upon piles performing the duties required in that

and similar works. Further advantages of having the butt down
are that the piles have a much stronger hold in the bottom and

present less surface to the current. Piles were driven to any

depth desired up to 18 feet, although before reaching that depth

the progress became very slow.

"Owing to the great quantities of gravel'found in this locality

the maximum depth reached here would be lower than the same

plant would accomplish under more favorable circumstances. It is

safe to say, however, that whenever the ascending current fails from

any cause whatever to bring the material excavated up to the sur-

face of the river bottom, the maximum depth to which that pile can

be driven by the force acting upon it has been reached. The river

would fill the space around the pile with the material composing its

bottom, and pack it as soon as the upward flow was checked.

"The causes which might conspire to bring about this result

are numerous, one of the most prominent being the collection

around the foot of the pile of the heavy material through which it

has passed."
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E. H. BECKLER—PILES DRIVEN BUTTS DOWN.

I would refer here to a lack of success in driving piles butt

downward by drop hammer only, at St. Louis River Bridge, near

Duluth (Journal of the Association Engineering Societies,

E. H. Beckler, 1886). Tests showed that the expense was more,

even for a less depth. Besides this, the small end was considered

liable to decay. There have been no great repairs made there on

account of ice.

A pile sunk by the use of the jet is said to stand more pressure

than one driven by hammer alone, as the sand about it is better

compacted. (Journal Association Engineering Societies,

Dec, i88f).

MAJ. HENRY A. GRAY—BORING MACHINE.

In certain soils it is possible to still further increase the effi-

ciency of the jet by the use of revolving knives at the point. An
account of this sort of machine and its successful use is given in

The Canadian Engineer, April, 1895, by Major Henry A. Gray,

Department of Public Works. He says:

"In 1893 extensive pile-driving was done as protective work
when widening the River Sydenham at Owen Sound, to increase

the harbor area. Previous work had shown the difficulty of driving

piles through the sand and other compact material found there of

sufficient length to allow the lower ends to be below the depth

required to be dredged in the harbor. With the boring machine

shown here rock elm piles 12x12 inches by 40 feet were put down
full length in three minutes, perfectly perpendicular and in proper

place, with a few light blows. Eighty to 100 piles 20 feet long have

been driven in 10 hours.

"The machine consists of a shaft, to which a turbine about 5

inches in diameter and screw are fixed and contained in a cylin-

drical casing, supplied with water under pressure, and having

openings arranged in such a manner that the water forced into said

casing will, in escaping, act upwards against the soil loosened by

the cutting blades fixed near the end of the shaft. These form a

sort of two-blade propeller, forcing the earth, clay, etc., upwards.

The machine is unsuited for a bottom where large stones are to be

met with, and also, for obvious reasons, for pure sand."

The preceding collection of notes serves to give us a due

respect for the subject and its uncertainties. The question of

"prognosticating" is still before us. Would Sir Christopher Wren
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himself consider that the work of "registering past times" had

gone on far enough to warrant it?

I leave this question and the general subject for your con-

sideration.

DISCUSSION.

Mr. George B. Francis.—I have been very much interested

in listening to this paper, but in two or three respects my experi-

ence fails to coincide with the author's views. First, as to the

point of "no set." With pile hammers of 1500 to 2000 pounds I

have always found a "set" of 6, 8, 10 or 20 inches in 100 or more

blows. In a great many instances we crushed the pile long before

the point of no penetration is reached. I cannot see 'how these

men, with hammers of 1500 or 2000 pounds, failed to get more set.

My experience is that we should get about a foot of set on solid

rock with this number of blows.

Very few of the authorities quoted say anything about crush-

ing timber, and it is a very easy matter to crush it, especially if it is

spruce or any timber except white oak.

Another point is that care enough is not used in writing about

the safe load in tons per pile. One can read the articles of some

of these writers for a long time without gaining the least idea of

what kind of a pile is being talked of when the tons per pile are

mentioned. Whether a pile is good for six tons or thirty tons

depends upon the size, length, kind of timber and ground, and no

ofThand unqualified statement should be made of the general safe

loads per pile.

The following notes are based wholly on my own experience,

and it is with some diffidence that I pretend to say much, knowing
full well that there are many others who have had a longer and

better experience than myself:

The timbers that seem most suitable for piling in the territory

in which I have been working are spruce, yellow pine, several

varieties of white or other oak, and, in Oregon and California, fir.

In diameter, spruce piles generally vary from 10 to 12 inches at

the butt, and from 5 to 8 inches at the tip; and they can be obtained

in any lengths up to 50 feet at reasonable rates.

Yellow pine piles vary from 12 to 20 inches in diameter at the

butt, and from 6 to 8 inches at the tip, and can be obtained in

lengths up to 80 feet. Oak piles generally vary from 12 to 15

inches at the butt and from 6 to 8 inches at the tip, and can be

obtained in varying lengths up to about 55 feet. Piles from the

Oregon fir vary from 16 to 26 inches at the butt and from 8 to 12

inches at the tip, and can be obtained in lengths up to 175 feet.
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In this vicinity spruce piles, from 30 to 45 feet long, cost from

$3 to $5 in place. Yellow pine piles, as long as 70 feet, cost

nearer $15 each for the piles themselves, and $2 or more each for

the driving. Oak piles, from 40 to 50 feet long, cost from $8 to

$10 each in place.

Piles are used for a large number of purposes. The condi-

tions in each case are usually different, and what will be a good
specification for one place will not do at all for another place.

Piles are most commonly used as bearing piles, wharf piles,

trestle piles, fender piles, batter piles, guide piles for ferry slips and

as sheet piling for cofferdam purposes.

The ground conditions met with vary extremely. In some

instances it is necessary that the pile shall act as a column descend-

ing through soft material to a very hard bottom. In other instances

no reasonable length of pile will reach a hard bottom, and it is

necessary to depend upon the friction of the ground upon the

sides of the pile. These latter conditions predominate. Once in

a while it is found necessary to shoe the points of the piles with

metal; but, as a rule, if the ground is hard enough to require such

treatment, it is also hard enough to support an ordinary structure

without piles. In the case of a column, it is necessary to specify a

pile which will be of large diameter at the tip. In the case of

friction bearing this is less necessary. Sometimes piles in friction

ground are placed too close together, so that the value of the fric-

tion is lost; but it is desirable to place them close enough to con-

solidate the softer material between them. In some trestle struc-

tures it is preferable to use oak piles; in others spruce piles. In

the case of bearing piles for buildings, it is of course necessary to

their preservation that they should be below the ground water

level.

Of the large variety of pile-driving machines employed, some

are for use upon the water, others on the land and others for cars

for transportation upon railroads. In Boston the style knoAvn as

"The Boston Roller Machine" is generally used; in other cities the

swivel machine is frequently seen. The engine should have two

drums, one for the purpose of hoisting the pile and the other for

hoisting the hammer; and it should by all means have friction

drums. The hammer is sometimes a heavy piece of oak, and at

other times a long, slim piece of wood, for the purpose of driving

piles in a trench, with the driving machine upon the surface of the

ground. In Boston a few years ago a common hammer weighed

from 1500 to 1800 pounds. At present they vary from 2000 to
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2500 pounds. In the vicinity of New York hammers weighing

4000 pounds predominate. In other parts of the country ham-
mers as heavy as 7000 pounds are used. In Chicago steam

hammers are largely used, but they are not seen very frequently in

the East. The hammer line is sometimes attached direct to the

hammer, and at other times to an automatic clutch, which is de-

tached from the hammer when the blow is struck. The former

arrangement is vastly preferable for rapid and economical driving.

As a rule, engineers' specifications require too much resistance

before a pile is considered to be sufficiently well driven. My own
experience is that with spruce piles, when the penetration is less

than about 1 or 1^ inch per blow, there is very serious danger of

permanently crippling the pile, and that, although slighter pene-

trations are prescribed, the custom is to accept a penetration of 2

to 3 inches on the average. Very frequently a penetration of 8

inches or a foot is obtained at the last blow, and if the pile is

allowed to stand for twenty-four hours only a fraction of an inch

can be obtained under the same conditions.

In order to determine the proper lengths of piles, there are

various methods of endeavoring to ascertain the character of the

material through which they are expected to be driven. Sound-

ing rods are sometimes forced into the ground, borings are some-

times made and test piles are driven. I consider the latter method

preferable, if only one method is used, but should desire borings in

addition if possible.

I consider the Engineering News formula the best formula for

ascertaining the approximate supporting power of a pile. This is

based upon the fall of the hammer, free from the hammer line,

which, as above stated, is not customary; and allowance must be

made for the friction of the rope while the hammer is descending.

Piles are shod with cast iron shoes, sheet iron points, steel

points with welded straps and various other appliances. All these

are generally unsatisfactory, the blow of the hammer being, in

most instances, sufficient to very quickly detach any shoe. It is

better in such instances to do without the pile altogether.

It is not wise to trust in the slightest to the value of pile

foundations as a lateral support; in almost every instance where

this is done the engineer will come to grief. The supporting

power may be first-class, but the value for a side push is practically

nothing.

Experience has satisfied me that piles should not be cut off

with an axe after being driven. The best thing is an ordinary

cross-cut saw, upon two straight edge guides attached to the piles.
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whenever the cutting can be done in the open air. The next best

thing is a circular saw upon a rigid support. If a circular saw is

used from the leaders of a water pile-driver, the result will be most

unsatisfactory without the closest kind of a watch; even with the

cutting 2 feet under water, the grade of cut-off will vary at least

1 inch, after watching the work very carefully. In deep water the

grade will vary several inches after doing the best that can be done.

Both square caps, drift-bolted to the heads of piles, and clamp

caps, clamped to the heads of piles, are used for capping. The
latter should be avoided if possible. In the case of pile founda-

tions for retaining walls, where the capping comes below water

level, it is better not to try to bring the piles into line and cap them,

but to sink a solid platform, made of at least three courses of

timber. In this case the platform will rest upon all piles and upon

the entire head of each pile. These courses of timber may vary in

thickness to suit the circumstances.

For retaining walls and sea walls, as well as for bridge abut-

ments, it is absolutely necessary that there should be an ample

quantity of rip-rap, or bracing of some sort, against the heads of

the piles to resist lateral pressure. Usually insufficient rip-rap is

placed, and a movement takes place, greatly disfiguring the walls.

In the case of pile trestles, first-class sway bracing is abso-

lutely necessary. In some of the older work in New England it

was customary to omit the sway bracing and to put in, between

the bents, what is known as lateral bracing, just under the floor,

similar to the lateral bracing in the panels of an ordinary bridge.

The sway bracing will not only accomplish the same result, but

immensely stiffen the work.

Where exposed to the ravages of sea worms, it is necessary to

protect piles by creosoting them, or by covering them with some

substance to shut out the worms. This is sometimes done with

ordinary vitrified pipe, slipped over the heads of the piles, the

intervening space being filled with cement mortar. In some

instances the piles are coppered. I know of one place where the

piles were driven full of small shingle or lath nails, driven so close

together that it was impossible for the worms to get in between the

nails.

I do riot believe in sharpening the points of piles before driv-

ing, but think pains should be taken to have the tips cut square to

the axis of the pile. I have frequently seen piles cut off to grade

before adjacent piles are driven, and afterwards, when driving the

latter, have seen the piles rise from 2 to 3 inches, showing that the

ground between the piles is thoroughly compacted, and that there
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is no room for it to move except in a vertical direction, which is

the line of least resistance.

The proper load for piles is frequently discussed, and some-

times without any reference to the kind of pile or the conditions at

hand. If a large oak pile is used, perhaps it would be safe to

assume that it will carry 15 or 16 tons—perhaps sometimes as high

as 20 tons; hut if small piles are used it is sometimes wise to restrict

the load to as little as 6 tons. A hard and fast rule should not be

laid down.

In calculating the load on piles used under railroad bridge

abutments there is much divergence of views. Some calculate the

dead load of the masonry that is to be carried, while others include

the train loads and the weight of the bridges. In pier work,

buried underground, it is hardly ever considered that the pier takes

a considerable load from the surrounding earth. All these mat-

ters must be carefully thought of before assuming the proper load

for the piles.

Once in a while it becomes necessary to use what is known as

a follower, but I have never yet seen a follower that gave very

satisfactory results. I always avoid them wherever possible.

Some specifications require that the bark shall be stripped

from the piles. Except in a few instances, I do not think this is

of much consequence one way or the other. It is better, if pos-

sible, to avoid the expense.

The following instances of pile-driving, in work with which I

have been connected, may be of interest:

In Portland, Oregon, it was necessary at one time to build

trestle approaches on each bank of the Willimette River, for the

purpose of transferring cars from the railroad to the ferryboat.

The range of high and low water in this instance was about 30

feet. The trestle inclines had to be built to cover this range.

They were built at a time when the water was about at a mid stage.

The slope of the banks toward the channel was about 45 , and

consisted of hard pan, or cemented gravel. It was not possible,

with the time and facilities at hand, to build masonry upon this

hard pan. The trestle inclines were necessarily pile structures,

and it was impossible to drive the piles upon one side of the river

into the cemented gravel or hard pan. Cast iron pot shoes were

made, weighing some 200 pounds each, if I remember rightly.

These were fastened to the points of the piles, and in the bottom of

the shoe there was placed a steel spike about 2 inches in diameter

and 2 feet long. The only part of this pile that was expected we
could get into the ground was the steel spike; and, as soon as the
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steel spike was in the hard pan, it was necessary to fasten the pile

temporarily, so that it would remain in position before the pile-

driver let go of it. These inclines were thus built and served

their purpose for several years. The foregoing is a condition not

usually met with.

At the Thames River Bridge, in New London, one of the

piers, supported by piles, settled. The weight per pile was about

19 tons. These were spruce piles of ordinary lengths, driven into

mud, sand and gravel; and, according to the inspector's book, were

driven to "absolute resistance."' The pier, however, settled about

15 inches, piles and all, and was stopped only by transferring some

of the load to additional piles driven around the pier, reducing the

load per pile to about 13 tons.

On the Jersey Junction Railroad, at Newark avenue, Jersey

City, as engineer in charge, I had occasion to drive some piles into

the surface of the street to support temporarily a large water pipe,

afterwards excavating the street for the passage of a railroad

beneath it. The piles were well driven, and supposed to be in

good shape. The supports for the water pipe were placed, and the

street was dug out. It was found that about half of these piles

were ruined in the driving; some were broken off square and the

butt driven down alongside of the tips. One pile in particular

encountered a large flat rock about 16 feet under ground, but the

pile was supposed to have been driven properly. When this rock

was reached it was found that the fibers of this pile were anywhere

within 15 feet of it, off in a horizontal direction.

Another instance of a similar character occurred at Atwell's

avenue railroad bridge, Providence, where a number of spruce

piles were driven into ordinary sand, to carry a temporary bridge

while excavation should be made for the passage of the railroad

beneath. The result was similar to that in the Newark avenue

incident.

At another point in Providence, where piles were driven for

temporary support for railroad tracks over a sewer trench, it was

found impossible to drive black oak piles with any satisfaction.

The sticks were so irregular in shape and so covered with knots

that the ordinary machine would not drive them into the ground.

Spruce piles were substituted, and carefully selected for their

straightness and smoothness, and these were driven where it was

impossible to drive the oak piles.

It is quite probable that if we could excavate around all the

piles that have been driven in Boston within the last two years we
should be utterly surprised at the appearance of the sticks. I
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doubt not that many of them would be found to be broken, crushed

and far different from what is usually expected.

Upon the Ulster division of the West Shore Railroad we had

a specification which called for something like |-inch penetration

at the last blow. Piles were driven under this specification, and

the penetration was nearer a foot at the last blow. The next day

the pile-driving machine was placed over the piles, and the pene-

tration on the first one or two blows was within the limit of the

specifications; consequently the contractor held that the pile-

driving was within the limits of the specifications, and he was sus-

tained.

At another point, called "Crumb Elbow," I had occasion to

take some rod soundings to ascertain the proper length of piles to

order for a trestle across a mud cove. We had eight men in the

party, but, owing to the stiff nature of the mud, which was really

clay, we were unable to penetrate with the sounding rod exceeding

7 feet with our utmost endeavors, and concluded to send the pile-

driver and drive test piles. In the same spot we found no difficulty

in driving 70-foot piles into this clay. Ever since that experience

I have not had much faith in rod soundings.

Upon one piece of work, where a steam hammer was used,

we found that the heads of the piles were not quite large enough,

and that they worked up into a ring, through which the plunger

of the hammer descended. T o avoid difficulty the workmen cut

off small planks and laid them on the head of the pile, and went on

with the work; but it was soon discovered that these small blocks

of wood were ground up under the blow of the hammer and

driven right into the middle of the head of the pile, frequently

splitting the pile for some distance down. This practice had to

be abandoned.

As piles are usually delivered upon the work, the heads are

beveled just as they come from the forest. I have noticed that, to

avoid too much sawing, contractors will sometimes cut off just a

little of the head and hammer about one-quarter of the area of the

whole pile, sometimes forcing this small area right down into the

head of the pile, splitting the pile as above described.

In the foundations of the Providence Passenger Station, and

the accompanying bridges, we used about 17,000 piles. This is a

friction ground, and the piles were of spruce, averaging about 45

feet in length. At the river bridge we drove a large number of

batter piles, and after many trials concluded that we could not

drive batter piles with a greater inclination than 3 inches per foot
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out of the vertical with any satisfaction. Some of these piles were

driven with a steam hammer and some in the ordinary way.

At the Harbor Junction pier of the New Haven road, in

Providence harbor, we placed a foundation for a coal pocket upon

yellow pine piles about 70 feet in length, which piles settled with

the weight only of a 4000-pound hammer about 30 feet into the

mud for a start, and the remaining distance 4 and 5 feet at a

blow, the hammer falling a very moderate distance; as I remember

it, not much more than 6 feet. Trying these piles the following

day proved that the penetration was within the ordinary limits,

and the coal pockets were built upon them; and they have never

given any trouble.

At the Wilkesbarre pier, at Providence harbor, where another

coal pocket was constructed, we felt safe in cutting the piles off at

half tide, believing that they were protected against decay by the

constant wetting of the rise and fall of the tide. At this same

place there was timber that had been in use twenty years, with no

evidence of decay when placed at the same height. The range of

the tide at this place is about 5 feet.

At the new Southern Station in Boston there will be used

about 44,000 spruce piles for bearing piles, and about 5000 sheet

piles. This is a friction ground, and piles are ordinary spruce

material, ranging from 25 to 45 feet in length. In this instance

we loaded three piles, for a test, with 60 tons of pig iron, amounting

to about 20 tons per pile, with no resulting settlement. I have

a photograph here of the piles with their load of pig iron; should

have put on more, but we got the iron so high we were afraid it

would fall over. The specified loading was 10 tons per pile. In

this work there has been some night work on pile-driving, but

my advice is to avoid it if possible. It is dangerous work.

I have had a great deal of trouble in forcing foremen to keep

the machines and leaders plumb. It makes an immense difference

in driving the pile, and we have had to be continually after them

to plumb up the leaders.

Hardly a day passes but some one rushes into the office and

states that in a certain place we are driving the piles too deep; that

we have got through a hard stratum into a poor stratum, forgetting

that in friction ground what we are after is a good deal of friction.

From my experience I feel justified in saying that no hard and

fast rules can properly be laid down for procedure, but that each

new job requires a study of its conditions, and a ruling to suit those

conditions.

Mr. S. £. Tixkham.—During the past year there have been
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driven about 4000 piles for the foundation of the sea wall which the

city of Boston is building- in Fort Point Channel, near the new
South Union Terminal Station; and, as the material here is a soft

clay, we have been obliged to content ourselves with a penetration,

at the last blow of the hammer, so much greater than any men-
tioned in the paper that it may be of interest.

The material which we found at this point is a soft blue clay,

changing in a few instances to a soft yellowish clay, and extends

to a considerable depth. A series of borings, made along the line

of the proposed wall to a depth of 65 feet below mean low water,

failed to show any other material. I understand that just across

the channel, not more than 1000 feet away, the same material was

found to extend to a greater depth than 170 feet below mean low

water. With material of this nature we must depend almost

entirely upon the increased friction which is developed after the

pile is allowed to rest, and can derive very little assistance from

any formula based on experiments which- gave final penetrations

of one-half inch or an inch.

In the work to which I have alluded spruce piles were used

not less than 7 inches in diameter at the point, and at least 9 inches

in diameter at the butt; they varied in length from 35 to 55 feet,

according to the stiffness of the clay in which they were driven and

the load they were intended to carry. The driver used was

mounted on a scow and had a hammer weighing 2300 pounds, the

rope or fall being attached to the hammer. Under these condi-

tions the total maximum penetration allowed for the last five

blows, with a fall of the hammer of 8 feet, was 24 inches.

Some experiments were made to see how much the resistance

would be increased by allowing the pile to rest for three or four

days, and I can give one or two illustrations which may be of

interest

:

A spruce pile, 35 feet long, 7 inches in diameter at the point

and 10 inches at the butt, was driven 20 feet into the clay with a

2360-pound hammer falling 8 feet. The total penetration for the

last five blows was 27^ inches. After a rest of four days the pile

was struck twenty blows with the same hammer, falling the same

distance as before, and the result was a total penetration, for each

set of five blows, as follows: First set 4^ inches, second set j\

inches, third set 9^ inches and fourth set j\ inches. The average

penetration for each of the twenty blows was almost exactly 1^

inches, as against a penetration of 5^ inches per blow at the end of

the first driving.

A second pile, of the same dimensions as the first, was driven
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in material slightly softer, the hammer and fall being as before.

The total penetration for the last five blows was 38 inches. After

a rest of four days the pile was struck fifteen blows, and the total

penetration was found to be, for each set of five blows, as follows:

First set 8 inches, second set 8| inches and third set 8^ inches, or

an average of if inches for each of the fifteen blows, as against

over y\ inches per blow at the end of the first driving.

Mr. James W. Rollins, JR-—If some of the piles which

engineers think so well driven could be pulled out, I think their

condition would be such as to materially change such a conclusion.

We are at the present time driving piles for foundations for

masonry—in the Back Bay district, on Ipswich street, Boston—and

the results of this work have satisfied me that while piles are

apparently going down under hard driving, they may be either

crippled or broomed up, so as entirely to lose their efficiency.

We drove the piles, some 360, for the foundations of a bridge

across Stony Brook, using 30 to 35 foot piles, driving them down to

grade — 30; one pile, an average one, going down, under thirteen

blows of a 2000-pound hammer, in 40 seconds.

We then started on the foundations for a highway bridge

under Charlesgate East, about 300 feet west from the bridge at

Stony Brook above referred to. The abutment was L-shaped, and

we started in the end of the wing, piles being driven to saw off at

grade 5 ; and material being, as shown by borings taken later,

about 10 feet of coarse gravel filling; then 25 feet of silt and

sand, and a natural bottom of gravel at grade — 30. The piles

were spaced 2 feet on centers each way, and the first row at end of

wing went quite decently, being good, fair driving.

Very soon difficulty developed in trying to get the piles down
through the gravel filling. A pounding of 100 blows by a 2300-

pound hammer would only get the head down a foot. We then

tried a water jet, and under a pressure of 260 pounds to the square

inch on the jet, through a i-inch gas pipe fastened to the pile, we
had no better success, it being impossible to keep the jet in place

while pounding through the gravel. Meanwhile we had shod the

piles with a cast iron point, held in place by a ^-inch iron dowel 15

inches long.

After consultation with the city engineer, he wished us to try

in another place and find whether bottom was uniformly hard, in

which case he proposed to abandon the piles and "float" the

masonry on the gravel filling.

At this stage two soundings were taken, and both proved the

material to be as previously stated, 10 feet of gravel overlying a

25
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soft stratum. This gravel filling had been in about fifteen years,

and had been under a pressure of 30 feet of filling above the bottom

of our excavation.

We moved our driver and began at junction of center line of

wing and main wall, at the point where the sounding was taken.

The first pile driven went all right, and we thought our trouble

ended and continued on main abutment on outside row. In a

day or two we found the same difficulty, and concluded to experi-

ment a little. According to theory and the soundings, the piles

should go easily after getting through the 10 feet of gravel, and we
so concluded that if the pile continued to drive hard after this dis-

tance something must have happened to the pile.

We drove a pile 12 or 15 feet into the bottom, it still going

hard, and then pulled it out, finding it crippled with a broom 3 feet

in length at end. Another pile did the same thing, and a third,

after driving hard down 15 feet, suddenly went easier. On being

pulled it showed another cripple, without the broom. The piles

were of spruce, and 35 feet to 40 feet long.

These experiments proved that it was impossible to drive piles

into that gravel when spaced 2 feet on centers, so the engineers

told us to try to drive half of them. We tried this plan, and got

ahead quite well until we approached the other piles previously

driven with an area of 10 x 16 feet between the two bunches of

piles. We were then unable to get a single pile down without

crippling in the gravel. One pile was pounded down with 1300

blows, one foot taking 357 blows, and three consecutive feet over

700 blows; but our opinion is that its foot is spread out somewhere

through the silt, and nowhere near the hard bottom the engineers

were after. We then put in the middle of main wall a new machine

with a 2700-pound hammer, and went ahead with no trouble, on

half space driving, until we approached the piles in the wing, and

here again we found the same trouble and could not get the piles

down. Of eleven consecutive piles tried, we drove one on out-

side row down, and drove and pulled the other ten, finding nine of

them crippled, the piles being driven only 5 feet into gravel and

driving being stopped on first evidence of trouble, which showed

itself in the springing of a pile under the blows and even under the

rebound of the hammer.

One pile, being selected as the best of the stock on hand, was

tried in the same hole where two had previously been driven and

pulled out, and under blows of only 2 or 3 feet drop of hammer
(such blows taking 60 to drive the pile one foot) crippled in 5 feet

of driving. In this one place we tried four piles, and could not get
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one through the gravel. This same place was within 4 feet of one

of the borings.

This experience has shown that, in certain kinds of material,

k is impossible to drive piles 2 feet on centers; also that while the

head of a pile may go down, it does not follow that the bottom is

going equally far.

Experiences on railroad work, where piles were driven to

carry the tracks while a road was cut through under them, has

shown the same results; that while the piles have been driven into

the ground under very hard pounding, they have been crippled or

smashed to pieces by this pounding, and no good has been derived

from them for supports.

At Brockton, in an effort to do work of this kind, we used very

heavy oak piles, and managed, after pounding each pile some four

or five hours, to get it down. The material was sand, and on
excavating we found the piles all solid, but showing signs of hard

wear.

This latter is the only case in my experience where piles have

been driven into natural ground, for supporting tracks, and have

kept their shape; and this I think due to the kind of pile used.
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When a pile requires several blows of any hammer of decent

weight to drive it a quarter of an inch, I do not believe that such a

movement means any actual movement of the bottom of the pile,

but more a crippling or compression of the timber.

The accompanying photograph shows some of the piles driven

at Ipswich street, under Charlesgate West, and pulled out after

having been driven as long as the piles ''stood up." One shows

the beginning of the crippling process, it having the shoe still on.

Mr. Frank W. Hodgdon.—The cases cited by the previous

speakers were mostly of hard driving. I have in mind a case

where, in building Pier No. 4 for the New York and New England

Railroad Company, the spruce piles for the foundation of a part of

the sea wall were driven through a considerable depth of soft mud
into a soft clay such as Mr. Tinkham found in Fort Point Channel.

The piles drove so easily that the contractors drove many of them

just as they came from the woods, no attempt being made to square

the ends. Notwithstanding the soft bottom, into which the piles

penetrated at least a foot at the last blow, the sea wall has shown no

apparent signs of settlement, although a large storage shed has

been built on the pier and has been filled with heavy goods at

various times for a number of years.

While I was discussing the question of pile-driving with an

old contractor a few years ago, he told me that while building

bridges on what is now the Boston and Maine Railroad, near Con-

way Junction, at one point they found the mud so deep that

although the longest piles obtainable (some 60 to 70 feet long)

were used, yet the penetration at the last blow was 2 feet or more,

and he anticipated that the bridge would settle badly when the

trains began to run; yet, although he visited and examined the

bridge at least once a year for a number of years, he found no

evidence of settlement. On the other hand, in many cases he had

driven piles into sand where it was very difficult to drive them,

they going only a fraction of an inch at the last blow, and yet the

shaking caused by the passage of trains over the bridge caused the

piles to penetrate further and the bridge to settle.

On the south shore of Massachusetts, and along Vineyard and

Nantucket Sounds, the use of the water jet to drive piles is very

common, both for wharf piles and for the Fish Weir poles. For-

merly these were driven by a hammer running in guides, but now
the pile is stood up in position and water is pumped through a

small pipe ahead of the point of the pile, forcing the sand aside,

and allowing the pile to settle into the bottom, either by its own
weight or by the additipn of a weight placed on top of the pile.
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In this way the pile can be placed exactly in the required position,

and is controlled much better than when driven by a hammer.

This process cannot be used in gravel or coarse material, as the

water will wash out the finer portion, leaving the stones in the hole.

I wish to emphasize the fact, stated by Mr. Francis, that no

dependence should be placed on a pile foundation to resist any

lateral forces. In building a sea wall in 1888 on the South Boston

Flats, the foundation piles were driven through 10 to 18 feet of soft

mud and 15 to 18 feet into the clay beneath. Around the heads of

the piles, for a depth of 3 to 4 feet, was placed broken stone ballast,

and a spur pile was driven between the main piles every y\ feet

to stiffen the foundation. Notwithstanding this, when the mud
and clay filling was placed back of the wall, a section of the wall

moved forward, the greatest movement being about 2 feet. The
wall itself moved out bodily, the foundation piles probably bending

forward through the soft mud, the spur pile being forced slightly

deeper into the clay. In order to avoid such movements in the

walls we are now building the mud and fine sand are excavated to

the depth of 15 to 20 feet below mean low water, and the space

around the piles and sloping out in front of the wall is filled with

coarse gravel, and the exposed slope is covered with a layer of

broken stone rip-rap on a slope of 1} to 1, this slope of 50 feet

from the face of the wall to deep water in the dock or slip being

covered by a pile platform or wharf, alongside of which the vessels

are made fast. This pile of gravel holds the piles in place and gives

the necessary lateral strength to the foundation of the wall, the

piles simply supporting the vertical pressure of the wall and pre-

venting its settlement.

Our piles are driven at least 15 feet into the soft clay, it taking

three to four blows of a hammer weighing about 2000 pounds

falling 6 to 12 feet to drive them the last foot. When these are

first driven the heads are readily swayed as much as 2 feet, with

about 15 to 20 feet of the pile projecting above the material into

which they are driven; but at the end of a week it requires con-

siderable force to move them. When trying to remove guide

piles which have been driven two or three weeks, and to a depth

of only 5 or 6 feet into the clay, they have frequently broken before

they could be pulled out. The tenacity with which clay clings to

a pile increases with the length of time the pile has been driven.

This was well illustrated by a bulkhead which was built to retain

filling on South Boston Flats. The bulkhead consisted of a row

of spruce piles driven 6 feet on centers planked up on one side and

supported by two spur-shores on the other. Both main piles and
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spur-shores were driven about 12 feet into the clay. The main

portion of the bulkhead was built about three years before the

filling was placed against it. A gap was left for the passage of

scows, and this gap was closed about two months before the

filling was placed against it. When the filling was being done

the older portion of the bulkhead held its position, but the newer

part was pressed out; and the main piles were partially pulled up

by the straightening up of the spur piles, the clay not having had

time to become so firmly attached to them as it had to the piles of

the older portion.

Mr. Carson.—In the case of the wall which moved out 2 feet

under pressure from behind, what offered the resistance that

caused it to stop at 2 feet?

Mr. Hodgdon.—The spur piles were forced into the clay,

and the forward movement of the wall must have compacted the

material ahead of it to a certain extent. The further ahead it went

the more resistance it had to overcome, and the material in the

rear had a chance to dry out and set and so exert less pressure.

Mr. Carson.—As to piles having power to resist lateral pres-

sure, you mean vertical piles?

Mr. Hodgdon.—Yes.

Mr Sidney Smith.—I am reminded of some soundings made
with a §-inch rod of iron for a railway pile bridge over the Black

River, at Holland, Mich., in 1872. The different materials thus

found were platted on a profile, to enable the chief engineer, Mr.

Wm. A. Haven, to estimate the lengths of piles required. Subse-

quently the average penetration of the four piles in each bent were

platted upon the same profile. The depths to which these piles

were driven indicate that a good estimate of required lengths may
be made by this method, for they followed closely the depths of the

soundings. When better and more expensive methods are not

available to test the materials to be penetrated, a very useful study

may be made by sounding with a common iron rod.

At another railroad pile bridge 40-foot piles were driven

where 6 to 12 inches was a common set. In one bent the first

pile drove very hard, the second easily and the third with very few

blows. For the fourth a 45-foot pile settled into place without a

blow. It was lengthened by splicing another pile to it, and the

combined length penetrated the mud about 80 feet under the

weight of an 1800-pound hammer. That was the last work done

that day. The next morning the chief engineer was present, when

this pile received several blows with a fall of 16 feet, which failed

to start it.
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In a portion of the covered channel of Stony Brook, in Bos-

ton, built in 1888, the timber platform supports two arches of

masonry, each 12.5 x 12 feet, with their contents and a paved road-

way, whose surface is about 4 feet above the crowns of the arches.

Borings had been made there with the improved appliances in

1887, some of them showing mud or very soft clay 83 feet or more

below the platform. As pile-driving progressed, it was observed

that those first driven would rise. Therefore the bents were not

capped until the piles were in place about 20 feet ahead. At this

distance the upward movement had ceased. No subsequent settle-

ment of the structure has been noted.

Mr. Rudolph Herixg (by letter).—The paper of Mr. Howe,
which he has asked me to discuss, is valuable for the collection of

data and opinions of experts which it contains. These data and

opinions, although partly published elsewhere, were scattered, and,

to the busy engineer, it is a great help to find them collated for

easy reference. It would, of course, have been still more valuable

had he taken the further trouble of segregating the isolated facts,

so that it -would have been more convenient to apply them to new

cases, and so that the relative value of the data to the case in hand

could be more readily appreciated.

It has appeared to me that we should treat the subject of the

strength of bearing piles similarly to that of the strength of beams.

That is to say, we have, for the latter, first, a mathematical expres-

sion or formula for the translation of forces, which are due to the

form and dimensions of the structural elements, and to the char-

acter of loading and support. Then, to reach the practical from

the theoretical case, we introduce into the formula numerical co-

efficients, including the factors of safety, which are determined by

experiment or general experience, for the particular materials

used, and for the future exigencies arising from the location of the

structure or from its intended use.

Proceeding in the same manner with piles, we should first

have the mathematical expression which deduces the bearing

power from the frictional support given the pile by the material

surrounding it, and then have the coefficient which determines the

degree of friction for the particular materials ascertained by experi-

ment; and allow for the future exigencies arising both from the

nature of the soil into which the piles are driven and from the

magnitude and frequency of the vibrations to which the structure

resting upon the piles will be subjected.

The difficulty we meet with here lies in the determination of

such a coefficient within reasonably close limits. In the case of a
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beam we have certain well-known materials of uniform texture,

for each of which numerical values have been ascertained with a

fair degree of accuracy, and we can nearly always safely apply

them for a new structure. But in the case of a pile the material

into which it is driven is of great variety in its sustaining power,

and is often known to us only in a general way as being sand, clay,

loam, muck, etc. We have, further, the element of time, namely,

the changes taking place in the degree of compactness with which

the material settles around the pile, sometimes increasing and

sometimes reducing the original friction. It has therefore been

customary to provide for all these unknown elements by assuming

large factors of safety.

Engineering science is constantly seeking to diminish the

extent of the realm of the unknown, and practical business men, in

competition with each other, are seeking to get the best results

with the least expenditure of money. Therefore, in engineering

structures the factor of safety, otherwise called the factor of ignor-

ance, is being constantly and properly reduced. How can it be

reduced in the bearing power of piles?

In my own opinion it can be reduced only by the use of test

piles driven on the site, which expedient is equivalent to taking,

in the case of beams or small structures, the published experi-

mental data for their breaking strain under well-known similar

conditions to those of the new structure. The driving of test piles

between periods of rest, and from the result ascertaining the actual

and safe sustaining power of the soil in question, is justified be-

cause the material into which the piles are driven may vary con-

siderably from that upon which our previous experience was based.

In every important case, and for safety and economy, I consider

that the true frictional resistance and the degree of its continuity

should be directly ascertained by driving test piles repeatedly after

periods of rest.

Professor Kreuter, in a paper on this subject (see Proc. Inst.

C. E., Vol. CXXIV, pp. 273), which is alluded to by the Author,

mentions the defects of the formulas hitherto proposed, in ignoring

the true effect of elasticity and weight of the pile, and suggests a

way of utilizing to the best advantage the results derived from test

piles. It is practicable by this method to eliminate many of the

uncertainties due not only to the pile itself, but also to the material

into which it is driven. In addition to the precautions quoted by

the Author, regarding the allowance of time for rest after driving,

and with regard to the maintenance of a sound and solid surface

to receive the blows, Professor Kreuter later added, in an adden-
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dum, the further important precaution that the heights from which

the hammer shall fall in the testing sets of blows must not be

widely different from each other, and must be as near as practi-

cable to the height under which the hammer no longer does any

useful work. Experience will have to demonstrate how far Pro-

fessor Kreuters method is practicable. In any case, it seems to

be a move in the right direction.

Spencer Cosby, First Lieutenant U. S. Engineers (by letter).

—In 1895 we had occasion to drive over 4000 piles inside the walls

of Fort Delaware, and I made an effort then to ascertain whether

any further settlement had taken place in the walls of the fort since

the date (1868) of Major Delafield's paper. I could, however, find

nothing in our records in regard to this matter, nor could I ascer-

tain the location of the old bench marks. To the best of my belief,

however, there has been no perceptible settlement since the aver-

age of 3.19 inches recorded by Major Delafield.

The fort stands with a single small unimportant crack in one

casemate arch. No other evidence of settlement has anywhere

been observed.

We made attempts to pull up two of the old Sanders piles.

One resisted an estimated pull of 60 tons; the other broke off at

the point where the chain was fastened, 3 or 4 feet below the head.

In making our excavation for the new work we came across a

number of Sanders piles, as well as others, driven, it is believed, by

Major Delafield between 1834 and 1838. All exhibited the same

characteristics. The wood was thoroughly water-soaked and soft;

the outer layers of sap were decayed, often for several inches in

from the surface. The heart seldom, if ever, appeared to be

affected, and the decay extended less and less deeply into the

wood below the water line, and seemed to disappear entirely within

5 or 6 feet of it. The piles were so soft, and crushed so easily, that

it was found impossible to apply any test to them by re-driving.

Prof. W. M. Patton (by letter).—I have not been able to

examine the paper with that degree of care to which its value and

importance entitle it. I have, however, read it over carefully, and

have been very much interested in it.

You, of course, understand my position on this matter, which,

simply stated, is that there is not and cannot be any kind of relation

existing between weight of hammer and height of fall and the

bearing power of a pile.

By this I do not mean that I am disposed to discard all

formulae, but simply that, while I may use such formulas, I have

little confidence in their reliability; and, in the absence of some
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precedent, I should regard nothing of value except direct experi-

ment.

It is very probable that, in driving piles in compact sand and

gravel, we are entirely deceived in regard to penetrations unless the

jet is used. I know of piles which have been battered and crushed

at the point from I to 2 feet after hard driving.

My understanding as to the foundation of the New Orleans

Custom House is that it is simply built on a grillage, or platform

of timber. I may be mistaken, however.

Horace J. Howe.—I was quite well aware that it was advis-

able for some one to draw conclusions or progress statements, as

suggested by Mr. Hering; and I consider that it is much more

advisable now, in the light of the able discussion we have had.

At this stage of the reader's patience, however, it is impossible

to do more than emphasize a few points:

First.—(a) That a single test pile, when driven separately and

apart, and loaded with an ultimate load, is inadequate, (b) That a

single test pile in a cluster, loaded with an ultimate load, is in-

adequate, (c) That a test is accurately adequate only when it ful-

fills all of the subsequent conditions of loading, and is made over a

sufficient area and for a sufficient period of time.

Second.—That a pile frequently crushes at the bottom in hard

driving, misleading at times the most experienced inspector; and

that any calculation, in terms of set of pile, would be thereby ren-

dered useless.

Third.—That with piles not subject to vibrations the bearing

power increases after driving up to a maximum, and that this

maximum does not decrease with time, provided that there is no

easing of the foundation as a whole internally by water, or exter-

nally by neighboring deformations in the soil.

Fourth.—That piles resist pressure reliably only along their

length, and not laterally, for any length of time.
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[Eleventh Annual Meeting, Butte, Montana.*]

The Montana Society of Civil Engineers was instituted July 5,

1887, with 48 charter members, and the first annual meeting was

held January 21, 1888. The organization has therefore just com-

pleted its tenth full year. Since our last annual meeting the name
of the Society has been changed by the omission of the word
"Civil," thus making the requirements for membership less exclu-

sive, and increasing our numbers from other engineering profes-

sions.

The Society has gone steadily forward, and now has 112

names on its list of members, 32 enrollments having been made
during the past year.

A review of engineering progress throughout the world may
be expected of the President at the annual meeting, according to

the strict interpretation of the constitution, but I find myself unable

to do more than mention some work of this character which has

been undertaken or completed in our own State.

NORTHERN PACIFIC RAILWAY.

Mr. E. H. McHenry, chief engineer, has kindly given the fol-

lowing very complete information regarding the work "under his

supervision:

^Manuscript received April 6, 1898.—Secretary, Ass'n of Eng. Socs.

27
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Improvements completed by the Northern Pacific Railway

Company, in Montana, during the year ending June 30, 1897.

New Steel Bridges. With concrete piers and abutments.

Powder River 2-155' Through pin spans.
2- 70' Deck plate girders.

Big Horn River 3-155* Through pin spans.
2nd Crossing of Yellowstone River. . 3-155' Through pin spans.

1- 56' Deck plate girder.

West Gallatin River 2- 75' Through plate girders.
2- 70' T. P. trusses.

Thompson River 1-1 55' Through pin span.
Cabin Creek 2- 75' Deck plate girders.
Cedar Creek 2- 85' Deck plate lattice girders.
Rosebud River 1-100' Through plate lattice girders.
Pryor Creek 1- 85' Through plate lattice girders.
Tongue River 2-155' Pin connected through truss.

3rd Crossing of Yellowstone River. . 1- 56' Deck plate girder.

2-155' Pin connected through truss.
Big Blackfoot River 1-160' Pin connected deck truss.

4- 50' Through plate girders.
2- 31' Through plate girders.

Six towers.

Roadbed and Track.—Old 56-pound steel rails in track replaced

by a new rail of 66-pound and 72-pound section, 164.67 miles.

Ballasting 65.5 miles.

In addition to the above the alignment has been retraced over

all sections where steel has been renewed, and easement curves

provided on all curves of 30 and over. Many minor revisions of

alignment were made, and sags were filled or provided with ver-

tical curves. The bank was widened from 14 feet to 16 feet at all

points where new steel was laid.

Grade Revisions. The maximum grades on the first district

of the Yellowstone Division have been partially reduced from 1

per cent, maximum to 0.4 per cent, by the completion of the revi-

sion at Iron Bluff.

The 1 per cent, grades on the first district of the Rocky Moun-
tain Division have been reduced to 0.6 per cent, incidentally in

connection with bank widening and ballasting.

The grade reduction on the first district of the Yellowstone

increased the tonnage rating of trains from 625 to 900 tons, and

on the second district from 625 to 1100 tons.

The former grade reductions and changes in operation on the

Montana Division resulted in increasing the tonnage rating on

the first district from 675 to 1000 tons, and the second district from

375 to 1000 tons.

The first district of the Rocky Mountain Division is as yet'

uncompleted. On the second district the grade reduction and im-

provements in operation have raised the tonnage rating from 400

to 1000 tons.
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Tunnels. The temporary lining in the Bozeman tunnel has

been replaced with a permanent lining" of concrete and brick,

concrete being used in the side walls and from 3 to 6 rings of

brick in the arch. We have also tried the experiment of a concrete

arch, which thus far seems to be an entire success, and effects a

material saving in cost. The cost of completed tunnel with brick

arch was $32.33 per lineal foot, with a concrete arch $28.43 Per

lineal foot. This is believed to be the lowest record extant. Simi-

lar work in progress on the Mullan Tunnel was completed during

the fiscal year, the total cost of which was $165,899.

Yellowstone Dykes. Spur dykes were constructed opposite

Iron Bluff, on the Yellowstone River, for the purpose of preventing

the further movement of the sliding bluff at that point, thus far

with entirely satisfactory results. The areas between the dykes

have silted up, and several million yards of material deposited in

the side channel. By a continuance of this work, it is expected to

turn the entire water into the main channel.

• The work of filling three large gulches on the Rocky Moun-
tain Division, at Rattlesnake, Anheuser and Granite has been con-

tinued, and it is expected to have the present trestles replaced by

embankment next year. Authority was obtained for the extension

of the short branch line now in operation from Whitehall to the

new Parrot Smelter, a further distance of 22.5 miles to Twin

Bridges. The roadbed is completed for a distance of 17 miles to

a point 6 miles north of Twin Bridges. Ten and a half miles of

track have been laid to date. Further work will be deferred until

next spring. Preliminary surveys and location have been com-

pleted from Rockvale, on the Rocky Fork Branch, to the Gebo

coal mines, a distance of 12 miles, and preliminary surveys have

been extended much further up the Clark's Fork Valley.

The result of the operations of the current year, in addition to

that of previous years, has resulted in greatly improving the physi-

cal condition of our property. It is expected to further continue

the work of grade reductions, replacement of timber bridges by

new steel bridges and relining of tunnels until the line is in the

best possible physical condition, requiring the minimum expendi-

ture of maintenance.

GREAT NORTHERN RAILWAY.

Mr. John C. Patterson, engineer in charge of maintenance of

way on the Montana Central, describes the work on that line as

follows

:

The most important improvement of the year has been the
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continuation of the work of filling the wooden trestles between

Clancy and Butte. To do this two steam shovels were engaged

the entire season, and part of the time three were at work. They
handled nearly half a million cubic yards from the pits to the

embankments. In addition, between the same points, 17 steel

bridges were erected over the Boulder River and other streams,

replacing timber structures. For this latter work there were built

2440 cubic yards of heavy granite rubble masonry foundations,

182 cubic yards of concrete and 40 cubic yards of cut stone

masonry, requiring 816 barrels of Portland cement and 1093 bar-

rels of Louisville. The spans for these bridges consisted of deck

and through girders of various lengths from 40 to 80 feet, the total

weight of steel work being 494 tons. The locations of these

bridges were distributed over about 17 miles of track, and the

entire work, from the time of commencing the excavation for foun-

dations of the first bridge, was completed in 3 months and 10 days,

with no interruption to traffic. Thus our entire line from Clancy

to Butte is now free from wooden bridges, with a few small excep-

tions which have been otherwise provided for, the old structures

having been replaced by solid embankments and steel. One of the

principal objects in carrying forward this improvement so rapidly

has been to provide for use of heavier engines in the freight ser-

vice. Two of these engines have been constructed and are

expected in a few days. They are considered the largest locomo-

tives ever built, weighing 172,000 pounds on the drivers, and

having a total weight, engine and tender, of 308,000 pounds. As a

comparison, these engines weigh 40,000 pounds more on drivers,

and a total of 66,000 pounds in excess of the heaviest engines now
in use on the line, from which an idea of their enormous size can

be obtained.

For the more rapid and economical handling of engines at ter-

minals and coaling stations, new coal chutes have been built at

Great Falls and Wolf Creek, the one at Clancy has been rebuilt

and a new one is now building at Teton. These are mentioned

as they are believed to be a new departure in the means of handling

coal quickly and cheaply.

It has been my intention to work up and present a paper

before the Society describing these chutes, but, like many other

good intentions, the matter has been laid aside for more leisure.

In brief, the coal is elevated in the original railroad car to a height

sufficient to allow it to be dumped into pockets, and from these by

gravity into the engine tenders. The power is furnished by gaso-

line engines. This, I think, is the first introduction into this State
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on a somewhat extensive scale of this economical power, and a

somewhat inconsistent one, too, at first thought, when the abun-

dance of coal is considered.

However, the entire operation of one of these chutes requires

the labor of one man only, who takes the coal in the car from a

side track and places it in a position where the fireman, by pulling

a string, does the rest.

In the way of new construction, a branch line has been built

from near Sand Coulee to the new coal mines of the Cottonwood

Coal Company at Stockett, a distance of 5 miles of main track

and 2\ miles of side tracks. These new mines are located in Cas-

cade county, about 18 miles from Great Falls, and will be in com-

plete operation on a large scale early in the spring, thus greatly

increasing the coal output of the State.

I have mentioned only some of the principal works that have

engaged me during the past season. Many other improvements

of a' smaller nature have been made, but you will scarcely be able

to take up these even in as brief a manner as I have written. My
division is only a small part of the total mileage of the Great

Northern Railway in Montana, and on the other divisions there

must have been carried on works of interest about which I have

not the knowledge necessary to inform you.

ANACONDA WATER WORKS.

Mr. Chester B. Davis, the engineer in charge, referred me to

the Anaconda Standard of November 6, 1897, for information. In

the following description I have quoted liberally from that paper,

and have added some points of engineering interest given me by

Mr. Davis.

The Anaconda Copper jVIining Company has acquired and

located rights to all the water in Hearst Gulch. At the extreme

south end of it is a crescent-shaped lake named Lake Hearst, about

three-quarters of a mile in length by one-quarter of a mile in width,

which is fed by the melting of the snows which exist there during

the entire year. This lake lies up against Mount Haggin, at an

elevation of 8200 feet above sea level, or 2900 feet above the street

in front of the Montana Hotel.

The plans contemplate raising the banks of the lake about 20

feet. This will increase its storage capacity to the amount of over

750,000,000 gallons. This, with the other waters in the gulch,

which will be tributary to its works, will be equivalent to a daily

flow of fully 4,000,000 gallons in addition to the volume of over

13,000,000 gallons at present flowing into the reservoir from the

old source of supply.
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A pipe line formed of steel pipe about 6 miles long is being

built to convey the above waters to an entirely new reservoir in the

gulch in which the present one is located. This reservoir, which

will be termed the distributing reservoir, will have its water sur-

face, when filled, 320 feet higher than the street in front of the

Montana Hotel, and it will be 70 feet higher than the water surface

of the present reservoir.

As soon as the new reservoir is completed the old one will be

cleaned out and will be kept filled for use in case of emergencies.

The new reservoir will be formed by building an earth and

masonry dam across a narrow place in the gulch, and when full the

water in it will be 55 feet deep in its deepest place. This will

insure its being cold and clear at all times. The pond thus formed

will be about 1,300 feet long and about 400 feet in width. Its

capacity will be over 70,000,000 gallons, and should an accident

happen to the supply pipe leading from Lake Hearst the volume

in it would at all times be more than ample to meet the city's needs

much longer than the time needed for making the repairs. The
shore lines of the distributing reservoir are very irregular, and,

lying as it does in the hills, it will be a very beautiful sheet of

water.

The dam is a composite structure consisting of a concrete

heart-wall founded on a continuous bed of hard-pan at a depth

about 18 feet below the natural surface of the bottom of the gulch

across which the clam is being erected. This wall is 6 feet in

width at the bottom and tapers to a thickness of 20 inches at its

top, which is 1 foot above the proposed flow line. The ends of

the wall are carried into the bank on each side of the gulch to a

good, solid foundation. The dam proper is composed of a very

excellent quality of clay which is found close by the west end of

the dam. The wet slope of the embankment is 1^ feet horizontal

to 1 foot vertical, while the outer slope is i-J feet horizontal to 1

foot vertical. The top of the embankment is 12 feet wide, and

terminates at a height 4 feet above the flow line. The outlet is

taken through the solid natural earth at and under the east end of

the dam, and no pipes pass through the artificial embankment.

The outlet consists of three pipes, one 24 inches in diameter at

the bottom, which may serve as a feeder for the city supply, or a

means of emptying the reservoir through a 24-inch blow-off outlet

into the creek immediately below the reservoir embankment.

Vertically above this are two 14-inch pipes, one 15 feet below the

water surface and the other 35 feet below it, which serve as the

regular outlets for conveying the city supply. These terminate
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in a vertical pipe in a dry well in which are located the valves for

controlling the flow, and this vertical pipe discharges into the

24-inch above mentioned, which pipe is connected with the 14-inch

leading directly to the city. The overflow weir will be located at

the easterly end of the dam and will have a length of 50 feet.

This will be in the natural solid earth and will be formed of

masonry and will discharge into a small ravine which joins the

main creek below the dam.

Mr. Davis says: "There are many things of interest in connec-

tion with the method of conveying the materials into place in the

reservoir embankment, and a number of novel appliances connected

with the work, among which I might mention the electrically

controlled valves for regulating the flow from the lake down to

the reservoir, and which enable us to regulate the flow to any

degree of nicety which we may desire by means of an apparatus

located in the office of the company in the city. The very great

drop, approximating 2600 feet, from the lake down to the reservoir

in a distance of 23,000 feet, may also be mentioned as an inter-

esting point. The pipe line is of steel and is self-draining every

foot of the way. The work was commenced about the middle of

October, and is nearly completed. All of the pipe and special con-

nections were manufactured at McKeesport, Pennsylvania, and

have been delivered since the middle of October."

Assurances are given that there will be, within the limits of

the system, no place where water will not be thrown to a height

of 100 feet into the air, and a test is expected to show that 10

streams each to a height of 100 feet can be thrown directly from

the hydrants through one length of hose. The water supply will

be ample for a city of 50,000 persons.

As a further means of adding to the beauty of the spot, and

of insuring the utmost purity of the supply, the plans contemplate

that the supply main from Lake Hearst should terminate in a foun-

tain in the centre of the reservoir. Only a portion of the enor-

mous pressure which might be maintained for this will be used,

but it is expected that a solid jet of water two or three inches in

diameter will be thrown from its central office fully 200 feet ver-

tically into the air, while around the base of the fountain will be a

fringe of spray, consisting of rows of jets rising to varying heights

and at various angles. The fountain will be without exception the

largest in the world. The jets will rise from a massive base of

rough masonry. Across the upper end of the reservoir a settling

basin will be built and so arranged as to restrain all drift and dirt

which may be brought down during the period when the creek

carries flood water.
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In the main from each reservoir will be placed a very ingenious

device which will accurately measure and automatically record

continuously the volume of water passing through the pipe, and at

each of these devices and in the office will be a gauge which auto-

matically makes a continuous' record of the pressure in the pipes.

IRRIGATION PROJECT.

I am indebted to Mr. Eugene Carroll for the following facts:

In the fall of 1895 the Butte City Water Company diverted the

head waters of Fish Creek across the Continental Divide in order

to increase its water supply in Butte City. As this necessitated

taking considerable water from one valley and turning it into

another, so that the water did not return to the stream from which

it was taken, it required the purchase by the company of a large

number of ranches located along Fish Creek between the moun-
tains and its mouth. In this way the company acquired the title to

about three thousand acres of cultivated land. There was left in

Fish Creek, after taking out the water from its head, sufficient

water to take care of most of the ranches, but in order to make
those at the lower end of the creek salable, and to furnish them

with an ample supply of water for irrigating purposes, the com-

pany, in 1897, decided to construct an irrigating ditch, taking its

water from Jefferson River, and extending the ditch past their

ranches on lower Fish Creek. In doing this they have permitted

ranchmen along the line of the ditch to join with them, and a ditch

company is to be formed known as the Creeklyn Irrigation Com-
pany.

The company is stocked in such a manner that each share of

stock represents twenty-five inches of water. The head-gate of

the ditch is placed on the Jefferson River about two thousand yards

above the Iron Rod Bridge, and winds on a grade of two and six-

tenths feet per mile for thirteen miles, emptying into Fish Creek.

The ditch is designed to carry, in solid ground, one thousand

inches of water, a liberal allowance being made for evaporation and

seepage. The excavated earth from the ditch forms an embank-

ment on the lower side of the ditch, which will be carefully built,

and which, in the course of a few years, will more than double

the capacity of the ditch. There are no peculiar features about the

construction of this ditch. It is necessary to go through the town

of Silver Star, and this is done by placing a covered flume along

the main street of that town. The total length of the ditch is

about 13 miles and about 40,000 feet of lumber are required for

bridges and flumes. The contracts are let and the first mile of the

ditch is about completed.
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The contractors have until the 15th of June in which to com-
plete the work. The head-gate is built of lumber supported by

concrete masonry and is twelve feet wide. The bottom of the

head-gate is placed at two feet below the bottom of the river at the

point of diversion.

WATER POWER.

The development of power from our rivers has been the most

important engineering work of the year.

CANYON FERRY DAM.*

At this point on the Missouri River the dam of the Helena

Water and Electric Power Co. is nearing completion. The crib-

bing is now 25 feet above the original surface of the water, and all

masonry, excepting the power house walls and transformer house

foundation, is completed. The four sets of water wheels of the

American Special Turbine pattern, which will give approximately

3500 horse-power, are in place, and also two turbines of 150 horse-

power each for running the exciters. Two 12-foot penstocks of

steel carry the water from the forebay to the sets of large wheels.

The work, when completed, will contain 2,000,000 feet B. M.
of timber and plank. It was commenced July 4, 1896, and will be

finished early in 1898.

Mr. Theron M. Ripley, the engineer in charge, to whom I am
indebted for the foregoing notes, has promised the Society a paper

on this subject, and it will be awaited with great interest.

DAM ON BIG HOLE RIVER.

Mr. M. S. Parker, who has charge of the work, has kindly fur-

nished me with the following notes on this enterprise:

The development of a water power by the Montana Power

Company on the Big Hole River, three miles above Divide Station,

on the Oregon Short Line Railway, has been in progress since

September 1, 1897. The object of this development is to furnish

power to be transmitted electrically to Butte, 22 miles distant.

The development consists in the construction of a crib dam across

the Big Hole River, having a length of 500 feet, with a height of

56 feet from low-water mark to spillway crest. The spillway has

a width of 222 feet, the balance of the dam being 10 feet higher

than the spillway.

*See Mr. T. M. Ripley's paper upon the Canyon Ferry Dam, on page

331 of the present number.
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The dam has a base width at highest part of ioo feet. The
spillway portion of the dam is a series of steps 10 feet high except

the top step, which is but 6 feet in height. The tread of the step

is 7 feet and the incline is 6 inches to one foot in height. The high

portion of the dam is carried up in io-foot steps with vertical faces.

The dam is to be filled with rock. The upstream face is cov-

ered with 7 inches of plank, two layers of 2-inch plank and one of

3-inch, with concrete core extending from bed rock to above the

original ground surface. The excavation in front of the dam is

replaced with concrete, or slag puddle as circumstances require,

the whole to be faced with an earth embankment. Water is to be

taken to the wheels through a large flume, the inside dimensions

being 15 feet in width and 28 feet high. From this flume water is

to be taken to the wheels through steel penstocks 6J feet in

diameter.

The power house is a building 65 x 120 feet ground plan,

equipped with four special turbine wheels made by James Leffel.

These wheels are 61 inches in diameter and are to furnish 1200

horse-power each under 60-foot head. This head will be main-

tained by using flash boards on the crest of the dam. The pattern

of these wheels is the same as used for the recent Niagara power

development.

These wheels are direct-connected with electric generators for

furnishing the current for transmission. The plan also contem-

plates the adding of two 1000-horse-power engines connected on

the same shaft to two of the wheels, the engines to be used as sup-

plementary to the water power. Beside the four large turbines are

two small 150-horse-power wheels to furnish power to the exciter

plant. Provision is also made for adding a fifth 61-inch turbine,

should it be deemed advisable at a later date.

The power house will be equipped with two 7-ton cranes

working jointly for handling the machinery.

From an engineering standpoint there is nothing novel in this

construction. The dam is the highest dam of its class that I am
aware of. Concrete is being substituted for rubble and dressed

stone masonry in the foundations, thus departing from the usual

practice of using stone masonry exclusively.

The power house and transformer building will be fireproof,

with iron roof.

Twenty miles above this dam another one is being con-

structed for storage purposes. It will impound a billion cubic feet

of water. I am informed by the contractors, Winters and Par-

sons, that 60,000 cubic yards of earth will be moved in constructing
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Big Hole Dam, Montana Power Company.

Big Hole Dam, Showing Gate Chamber.
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this dam. Further particulars regarding this and other features of

the enterprise may be expected when Mr. M. S. Parker reads his

promised paper to the Society.

TREATMENT OF MILL TAILINGS.

During the past year the Montana Mining Co., Ltd., following

some experiments made in the year previous, has undertaken to

treat its tailings by the cyanide process, and has constructed a

plant with a capacity of 403 tons of tailings per day. Mr. C. W.
Merrill, metallurgical engineer in charge of the operations of the

plant, has given me^the following notes regarding it:

The tailings beneficiated during the preceding summer in the

new cyanide plant of the Montana Mining Co., the largest then in

operation in this country, were taken from what is known as their

No. 5 dam.

This bed, the lowest of the five, situated in Silver Gulch, is

about six miles below Marysville, and contains a much greater por-

tion of slimes than the upper beds, owing to the fact that it has

been largely used for final settling and clarifying of the water.

Therefore the first step in the process of treatment, that of putting

the material in suitable shape for leaching, before loading it into

cars, is one requiring considerable care. In order that this point

may be perfectly clear, it should be explained that in the operation

of any lixiviation plant the material handled from day to day

should be as nearly uniform in fineness as it is practicable to obtain

it, and also that as few slime lumps as possible should be charged

into the leaching vats, because they are not only impermeable to

the solution, but soak it up and do net release the values so dis-

honestly obtained.

To accomplish this preparation, the bed is plowed, harrowed

and worked over continuously in order to try and partially pul-

verize the lumps. The further precaution is observed of so select-

ing the material from different areas on the bed as to give com-

paratively uniformly leaching charges each day.

The second step, that of loading the cars, is accomplished in

the old Mormon fashion, using traps or bridges over railroad cuts

and scrapers for moving the material. The pattern of the latter is

known as the Fresno Buck scraper, and the economy and advan-

tage of their use will be appreciated by contractors when it is stated

that we have been loading approximately 400 cubic yards per day

with 6 men and T2 horses, with an average haul of not less than

100 feet. The use of the steam shovel in this work is prohibited by
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the fact that the material must be dried and pulverized on the sur-

face of the bed before loading.

The cars used are of three tons capacity, with bottom dis-

charge, and sixteen loaded cars make the train for a 22-ton loco-

motive.

The plant is 2\ miles above the No. 5 dam, and the tailings,

after leaving the cars, pass in an almost continuous stream to the

sheet-iron lining of the bin and out the gate to a 24-inch 4-ply belt

conveyor, which conducts them to a revolving chute or distributor,

and this in turn fills a vat, 38 feet in diameter by 9 feet deep, with

400 tons of tailings in about 8 hours. The great advantage in

filling a tank in this way is that it gives a charge of more uniform

permeability than any other method of filling known to the writer.

There are four of these tailings vats, each with its bin con-

veyor and distributor, and one is charged daily, thus giving four

days to complete the treatment of each charge, which consists in

saturation, lixiviation, washing and discharging. The latter is

accomplished by sluicing with two 2^-inch hose, the water being

under a 60-foot head, through four side-discharge gates, and one

bottom-discharge valve in the center of the vat. By this method

400 tons are discharged in three hours or less, at a total cost of less

than 2 cents per ton.

The solution tanks are six in number and consist of four pre-

cipitating tanks 22 feet in diameter by 14 feet 9 inches deep and

two storage or supply tanks 38 feet in diameter by 9 feet deep.

There are also two water tanks 22 feet by 14 feet 9 inches for the

storage of 80,000 gallons of water.

The power equipment consists of a 50-horse-power boiler, one

25-horse-power engine, one 10-horse-power engine for running

conveyors, one 30-light dynamo, one Knowles economical geared

pump, 4-inch inlet and discharge, two Worthington all-iron duplex

solution pumps, 5-inch suction and 4-inch discharge, and one

2-drill air compressor.

The tailings are the lowest grade in gold of any being worked

in this country; they are the most rebellious of any being worked

in the world, because they contain copper carbonates and sulphide,

tetrahedrite, arsenical polybasite and ruby silver. The plant

operates under the most unfavorable climatic conditions, being in

the most Northern latitude of any known to the writer, but in

October and November it exceeded the prediction of profit by

nearly 50 per cent., and netted about double that which the com-

pany thought would justify the erection of a plant.

The railway line for the transportation of the tailings from the



326 ASSOCIATION OF ENGINEERING SOCIETIES.

clams to the cyanide plant was surveyed and built under the direc-

tion of Mr. John Herron, Mine Superintendent of the Montana
Mining Company, and from him I have obtained the following

description of the line

:

The cyanide plant of the Montana Mining Company is sit-

uated in the canyon of Silver Creek, 2.\ miles below the town of

Marysville. The site, outside of the favorable physical features,

was chosen as being half way between the extreme upper and lower

tailings dams of the company. There are five of these dams, and

it was originally intended to convey the tailings to the plant by

railway transportation.

It is probable, however, that the three upper dams will be

sluiced to the fourth, and railway transportation be limited to a

distance of three-quarters of a mile above the plant and two and

one-half miles below it. The capacity of the plant is 400 tons per

day.

The railway connecting the plant and the tailings dams is 3

feet gauge, laid with fir ties 5x6 inches x 6 feet long, and

56-pound steel rails. The maximum gradient is 3.5 per cent, and

the maximum curvature 30 .

The engine used is a Porter six-wheel connected with 12 x 18-

inch cylinders, total wheel base nine feet, with a total weight on

drivers of 44,000 pounds. Complete terminals are provided.

The water supply comes from Saw Mill Gulch, a mile distant,

and is carried by a ditch to a point opposite the plant, and then

siphoned to the tanks above the plant.

All tanks and vats are made of California redwood, and all

gates, valves and ironwork connected with them were furnished by

California firms. All machinery and railway equipment were pur-

chased in the East.

Cost of plant proper was $56,000.00

Cost of railway 14,000.00

Cost of railway equipment 12,000.00

Total $82,000.00

MINING APPLIANCES AND EQUIPMENT.

At Marysville the Drum Lummon Mine will soon have in

operation a new Riedler pump with a capacity of 500 gallons per

minute and a lift of 1200 feet. A pump of this pattern has been in

use in that mine for two years and a half. In recent months it has

been run up to its rated capacity, 400 gallons per minute, and has

given perfect satisfaction.
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Boston and Montana Co's West Colusa Shaft.
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In Butte the past year has brought about the introduction of

several new and noteworthy changes.

The two great hoisting engines of the Anaconda Company,
which were mentioned in Mr. Herron's address last year, began
operations a few months ago, and a self-dumping skip of 8 tons

capacity is used in the Neversweat shaft, where one of these

engines is at work. Two large boilers of the Berry Safety type

have been installed by the same company, and a fine steel head

frame, the first in the State, has taken the place of a timber frame

at the St. Lawrence shaft. The hoisting engine at this shaft, with

cylinders 30 x 72 inches, is the largest in the State.

At the Silver Bow Mine, on the 1000-foot level of No. 1 shaft,

there is a new Nordberg pump, and the four-compartment shaft

on the same property is worthy of note. The West Colusa also

has four compartments and the cages will carry two mine cars, end

to end. The hoisting engine, made by the Nordberg Company,

is a new one.

COAL MINING.

The production of coal has increased during the past year,

and new mines are being opened up. In Carbon county, near

Gebo, the Anaconda Company has started a shaft which will be

sunk to a depth of 800 feet, and will develop the coal measures of

that district.

And now a few words more in relation to our Society.* Its

influence has been felt in the passage of an amendment to the road

law by the last Legislature, which placed the care of roads through-

out the State in charge of County Surveyors, who certainly should

be better qualified than Supervisors appointed by the County

Commissioners without special regard for their fitness for such

duties.

Three years ago the Society made a strong effort to have a

law passed by the Legislature making a cubic foot per second the

legal standard for the measurement of flowing water, and pro-

viding that 100 miners' inches should be equivalent to a flow of two

and one-half cubic feet per second. Although temporarily

defeated, we are not discouraged, and in the near future we shall

try to convince a legislative body that such a law would not make

the settlement of disputes between water right claimants more

difficult, but easier; that it does not necessarily follow, because old-

*See Proceedings of Montana Society of Engineers, published in the

Journal of the Association of Engineering Societies, Vol. XVIII,

No. 3.—1897.
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St. Lawrence Head-Frame.
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timers have measured water "before we were born," that their

method cannot be improved upon; and that the proposed law is

not a dark, dubious and diabolical scheme of engineers which will

require the introduction of high-priced new appliances for the

measurement of water.

In retiring from the presidency of the Society two years ago,

Mr. Keerl pointed out that men of engineering skill and experi-

ence should be appointed by the Executive to positions where

such qualifications would be of decided advantage to the State.

It is to be hoped that the suggestion will be kept in mind.

In conclusion I desire to call attention to the fact that more

papers on engineering subjects would increase the interest in our

meetings. If you feel inclined to set up the excuse of having no

time, try a little introspection and see if the real explanation is not

lack of resolution. An eminent historian, in reviewing the life of

Csesar, closes with these words, "So true it is, that it is not time

which is wanting to men, but resolution to turn it to the best

advantage."
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THE CANYON FERRY DAM.

By Theron M. Ripley, Member Montana Society of Engineers.

[Read before the Society, January 8, 1898.*]

The practicability of damming the Missouri River near He-
lena, Montana, for power purposes, has been considered more or

less favorably by engineers and business men of that city for a

number of years. In fact, one party made preliminary surveys at

a point on the river about six miles below the site of the present

work, but never got beyond the preliminary stage. Moreover, the

government made an examination of the Missouri River from

Three Forks to Canyon Ferry in 1893, under the direction of Capt.

H. F. Hodges, and surveys and maps were made by E. L. Vincent,

assistant engineer, of five dam sites between the two places men-

tioned, the fifth one being at Black Rock Canyon, at the site of the

present works, eighteen miles northeast from the city of Helena.

The maps above mentioned have been of great value in prosecuting

the present work.

Government investigations at the site of the present works

place the mean flow of the river at 3300 cubic feet per second; that

amount, with a twenty-nine-foot fall, is equal to about 358,875,000

foot pounds; which, with wheels of 80 per cent, efficiency, would

give 8680 horse-power on wheel shaft.

The project of the present work was promoted by one H. L.

Cooper, under the direction of Samuel T. Hauser and Thos. A.

Marlow, through whose influence, together with that of Barton

Sewell, of Chicago, the funds were obtained for prosecuting the

work, and the company incorporated under the name of the

Helena Water and Electric Power Company, with Mr. Sewell as

general manager.

J. T. Fanning, of Minneapolis, was retained as consulting en-

gineer, and all plans for the dam, power-house and hydraulic ma-

chinery have been made in his office. Moreover, the work has had

his personal supervision from time to time during its progress.

The dam is a timber crib, filled with rock, with three aprons to

break the fall of water and thereby reduce the scour below the dam.

The timber in the cribs is fastened together with 20-inch and 30-

inch drift bolts, and the end cribs fest against pilasters in the abut-

ments, which rise to a height of 12^ feet above the crest of the dam.

The abutments being built on the edge of the original shore line,

Manuscript received March 24, 1898.—Secretary, Ass'n of Eng. Socs.
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the length of the spillway or crest is practically the same as the

width of the river at the site. The aprons are built of two courses

of 10 x 12-inch timbers, laid on the 12-inch side, thus giving a total

thickness of 20 inches of solid timber under each fall. The risers

are covered with two thicknesses of 3-inch plank, lap-jointed, and

the back with 2-inch plank, similarly laid. Above the dam, and

resting against it, is an earth fill, which is rip-rapped below any pos-

sible wave action or floating drift. Below the dam, for a distance

of 25 feet, the river was filled with large rock to the surface of the

water, the rock being held in place by a close row of round piles.

The distance from plank facing on back of dam to said row of

round piles is approximately 75 feet; the crest is 29 feet above mean
low water, and its length is 485 feet. The cribbing rests on the

bed of the river, which is compact material composed of gravel and

granite sand, and practically impervious to water. Cofferdams,

with the sheet piling, forming same, being driven to depths of only

4 and 5 feet, had their enclosed spaces exceptionally free from

water when working under a head of 10 feet, with the material ex-

cavated as close to the piling as its natural slope would allow, with-

out undermining the sheet piles. Both above and below the crib-

bing was driven a row of triple lap-sheet piling built of 3 x 12-inch

plank, stiffly bolted together, driven to a depth of 12 feet below the

bed of the river, or, when the material was too hard, until the pile

was in danger of splitting, or would go no further under the blows

of a 2250-pound hammer falling on a 1100-pound cast follower,

placed on the head of the pile. All masonry, where possible, had

a similar row of sheet piling driven around its foundation, as an

extra precaution against a current forming under the structure.

On the east bank of the river, a fill, with a slope of i£ by 1 on

the downstream, and 2 to 1 on the upstream side, was built with

a masonry core, to the height of the abutment, and extended back

to the corresponding contour on the hillside. This fill is practi-

cally an extension of the dam proper, but not designed as a weir.

Adding to the length of said fill (285 feet), the crest length

(485 feet) gives a total length from west abutment to east end of

770 feet. The west abutment rests on the native rock, and the

cliff rose from this point at an angle of 45 degrees. Out of this

cliff, about 18,000 cubic yards of rock were taken to make the fore-

bay and the excavation for the penstocks. From the back of the

abutment, and extending across the excavation just mentioned, is

a heavy masonry wall, which holds the penstock heads.

The penstocks, five in number, extend from this wall to the

power-house, 75 feet north. The penstocks were built on the
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ground, of 5-16-inch steel plates, furnished under contract, by the

Gillette-Herzog Manufacturing Company, of Minneapolis. Of
the five penstocks, four are 12 feet in diameter, each designed to

furnish water for two pairs of 42-inch horizontal turbines, and the

remaining one, which is 4 feet 6 inches in diameter, will supply a

single 25-inch horizontal wheel. Each set of turbines will be di-

rectly connected by an 8-inch shaft, to a 650 k. w. alternating cur-

rent generator, two phase, 7200 alts., 550 volts, 157 r. p. m. Each

25-inch turbine will be similarly connected to a 100 k. w. direct-

connected, excitor, each machine being capable of taking care of

the entire plant. The turbines were furnished by the Dayton-

Globe Iron Works Company, of Dayton, Ohio.

The portion of the power-house now under erection, in con-

formity with other masonry on the work, is being built of granite,

quarried near the site of the work, and the dimensions will be 50 x

8yi feet.

The transformer-house at the dam is 65 x 30 feet, built of iron,

and large enough to accommodate the plant when enlarged to its

full capacity. Eight 325 k. w. transformers will be installed for

the four machines being put in at present.

The granite quarry before mentioned was opened on the com-

pany's ground about 800 feet from the site of the work, and has

furnished rock for about 7000 cubic yards of masonry, said rock

being delivered on the work by a gravity railroad. The timber,

2,000,000 feet B. M., was furnished under contract by the Big

Blackfoot Milling Company. The timber was shipped by rail to

Townsend, thirty miles up the river from the work, and floated

down the river at much less cost than it could be freighted overland

from the nearest railroad station.

The rock filling, in and below the dam, amounts to 14,000

cubic yards, and the earth fills aggregate 23,000 cubic yards.

The fall of the river, above the dam, averages about 5 feet per

mile, consequently the flood line extends up the valley a distance of

six miles. The lake formed above the dam has an approximate

area of five square miles, with an extreme depth of 60 feet in the

canyon about 800 feet above the dam, making the finest body of

water within a radius of 150 miles from the city of Helena..

The pole line is built at the present time, via East Helena, to

the city limits of Helena, and the first power delivered will be to

the United Smelting and Refining Company's plant at East

Helena. The poles are Idaho cedar, placed no feet apart, with a

minimum length of 35 feet. Each pole has two io-foot-6-inch

arms, six pins per arm, for transmission purposes, and one small
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arm for telephone. Three No. 4 copper wires, Brown & Sharp's

hard-drawn, will be used for transmission from each machine.

I am indebted to Mr. C. W. Whitley, assistant secretary and

treasurer of the company, for information relating \n electrical

machinery and transmission.

DISCUSSION.

In reply to questions, Mr. Ripley stated: At first Rosendale

cement was used, but it was unsatisfactory. During the past nine

or ten months two thousand barrels of Utah Portland cement have

been used, to the entire exclusion of inferior brands. The work
constructed with Portland cement is much more satisfactory. The
small additional cost was too trifling to consider in making the

selection.

The wheels used at Niagara are vertical, while here a hori-

zontal wheel is used. I was informed by a representative of an

American wheel company that when the Niagara plant was put in

the American companies were afraid to undertake the work, so it

was done by foreign companies.

Mr. Wilson.—I would like to ask Mr. Ripley and Mr.

Parker how they propose to deal with the floating and submerged

ice, to keep the same out of the wheels. In speaking to the

general manager of Mr. Ripley's company, he stated there would

be a large reservoir which would afford the proper remedy.

Mr. Parker.—I have had considerable experience with

anchor ice during the past six or seven years. I have observed its

operations very carefully, and have had much to do in endeavoring

to eliminate its operations upon the wheel. A large reservoir will

greatly help in the matter, especially if it be deep. At Great Falls,

the Black Eagle Falls dam reservoir is only 17 feet deep at the face

of the dam, and has a capacity of from 20,000,000 to 25,000,000

cubic feet. Our principal trouble was with the small wheels, the

large wheels being less interfered with. Occasionally the small

wheels would be absolutely stopped. The anchor ice appeared to

pass through the large wheels, but would catch and stick to the

small wheels. The anchor ice gathers in the bottom or is held in

suspension, and has a tendency to adhere to everything with which

it comes in contact. Several times during the past four years it

has been piled up in the canal eight or ten feet high, and this neces-

sitated the closing down of the works to clear away the ice in the

channel to the wheels. This would not occur in a large and deep

reservoir. I consider that the only remedy is to have large storing

•capacity and to give the ice in the river time to get back to its
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normal condition. With a small reservoir an ice gorge would

affect the operations of the power.

President Page.—To relieve the anxiety of the minds of

many people living in the vicinity of the Big Hole dam, I would

like to ask your opinion as to the durability and stability of the dam
now being constructed on the Big Hole River.

Mr. Parker.—The dam is built with all the necessary precau-

tions as to strength and durability to resist all the pressure that

may be brought to bear upon it. Mr. Fanning, the consulting

engineer, has a world-wide reputation as an hydraulic engineer,

and would not be associated with a project that would subject the

people to loss of life or property; neither would the company

spend half a million of dollars in an unsafe structure. Everything

has been and is being done to insure perfect construction. Mr.

Fanning is also consulting engineer of the Missouri River dam, of

a similar pattern and design; and both dams are being built in a

perfectly safe manner.

President Page.—In case of a washout, will not the cribs

stand, or at least refuse to go out in a mass?

Mr. Parker.—A dam of this type will not give way and go

out in a body, as an earthen or masonry dam would do. A crib

dam is put together in such a way that were there no rilling in it

whatever the structure would stand and carry its own weight, and

probably the weight of the water added to it. The total pressure

is over two and one-half times as great as the pressure of the water.

The width of base and the strength of the structure throughout

give it practically a factor of safety of about six to one.

Mr. Herron.—At what do you estimate the life of the timber?

Will there be enough seepage to keep the timber wet, and does the

plan of construction take into account durability as well as

strength?

Mr. Parker.—The life of timber is somewhat indefinite. In

Connecticut old timbers were taken out and replaced by new in a

structure that had stood for over one hundred years. They had

remained sound. We all know that timber only partially exposed

to water will deteriorate in time, but below the water line it will not

deteriorate. I have made various inquiries throughout the United

States with regard to this matter, and I have never found an
instance where the timber had been worn out or become decayed.

The exposed surfaces of dams have to be repaired as occasion

demands. Mr. Fanning estimates the life of the upper portion of

a timber dam to be fifty years.

The discussion of dams resulted in bringing about the con-
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sideration of the appointment of a State Engineer, who should

inspect and look after the numerous storage reservoirs that will

doubtless be built in this State in the near future.
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PROPERTIES OF CONCRETE UNDER COMPRESSIVE
STRESS.

By David Molitor, Mem. Am. Soc. C. E.

[Read before trie Detroit Engineering Society, March 25, 1898.*]

Concrete and masonry are generally subjected to compressive

stress only. The ultimate tensile strength of these materials often

attains high values, yet the lack of uniformity in concrete and

masonry, necessarily brought about by the customary methods of

construction, introduces an element of uncertainty which wholly

unfits them for purposes requiring tensile resistance. This factor

of uncertainty in concrete, to resist tensile stresses, has been suc-

cessfully overcome by various styles of iron and concrete construc-

tion now in use. In all of these, however, the concrete is used in

compression and the iron in tension.

Concrete, therefore, being most universally used under com-

pressive stress, it would be natural to suppose that modern litera-

ture abounded in data and experiments on the properties of con-

crete under compression. This, however, is not the case. In fact,

there is a lamentable want of accurate experiments on the subject

of elasticity and compressibility of concrete and mortar.

What is given in the following represents practically the best

available data, though the number of experiments is rather limited,

and there is a broad field for more good work in the direction indi-

cated. .

It is common to see wide discrepancies in the results of tests

on compressive strength and elasticity of cement mortars, and

many experimenters have given up this line of research in despair

of ever being able to obtain harmonious results. The consequence

is that tensile tests have been resorted to as giving more uniform

results, but even these have differed so widely as to create grave

doubts regarding the possibility of obtaining concordant values

even from one and the same sample of cement.

However, in the case of tensile tests these discrepancies are

most probably due to a lack of uniformity in the preparation of test

specimens, and in the case of compressive tests the shape of the

specimen is of such importance that it is scarcely possible to com-
pare values of compressive strength obtained from samples of dif-

ferent dimensions.

*Manuscript received May 16, 1898.—Secretary, Ass'n of Eng. Socs.
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Some recent experiments made by Prof.
,

Bauschinger, in

Berlin, Germany, show that the compressive strength of sandstone

varies from 680 atmospheres to 2140 atmospheres, depending upon

the relation between base and height of the test specimen, the

height being in no case greater than the square root of the area of

the base. When the height of the specimen became three times

the square root of the base, the compressive strength diminished

from 582 to 444 atmospheres. It was also demonstrated that cubes

gave a practically constant value for the compressive strength no

matter what size, between the limits of 2 and 4 inches. The same

laws were found for concrete, but the experiments are not of suffi-

cient extent to permit the deduction of the law of variation between

its compressive strength and the dimensions of the samples.

Prof. Bauschinger derives the following equation as repre-

senting this relation:

p -(„+,*£.) ^Z
(1.)

in which P = the ultimate compressive strength.

A = area of the prism,

h = height of prism,

c = periphery of prism.

oc and /9 are constants, depending on the nature of the

material.

For prisms of square cross-section this equation becomes

a + /3 (2.)

in which a is the side of the square base.

According to Prof. Bauschinger, samples of a grayish blue

Swiss sandstone gave the following results:

Sample. Dimensions. Area. Ult. Compressive Strength.

Inches. Sq. in. lbs. per square in.

I 392 x 3.88 x 3.78 high 15-35 9,670
2 3.94x3.88x3.82 " 15-42 9,741

3 2.36 x 2.30 x 2.24 " 5-44 9-527

4 2.05 x 2.05 x 1.99 " 4.19 9,812

5 1.89 x 1.85 x 0.43 " 3-49 27,729
6 1.97 x 1. 81 x 0.43 " 356 27,160

7 1.73x3.82x0.43 " 6.62 30,431
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The constants oc and /S were determined for the above values,

and when substituted in equation (i) give:

(4408 + 4920 h WT (30

From this equation it follows that the ultimate compressive

strength of a cube of this same material would be 9328 pounds per

square inch. The pressure in the above series was applied per-

pendicularly to the natural bed. The above equation (3) is claimed

by Prof. Bauschinger to hold good only for samples in which

h = 5 -j/~aT Of course the compressive strength continues to

diminish as h increases, and at the limit just stated P = 5392

pounds per square inch.

The following tests were made by Prof. Bauschinger in con-

nection with the construction of a concrete bridge over the Danube
River, near Munderkingen, Wurtemberg, Germany, in 1893. The
cement was a German Portland, made at Blaubeuren, Wiirtem-

berg, and the samples were 30 days old, being allowed to set 28

days under water. Each value is the mean result from three sam-

ples.

Ult. Compressive
Strength. Str. of Cube.

No. Proportions. Size of Samples in Inches. OC P = cx+/34,72 x 4.72 X 4.72 x 4.72 X
5.51 high. 11.81 high.

lbs. persq. in. lbs. persq. in. lbs. persq. in.

I I C: 2 S: 4 crushed basalt rock 3143 2247 1678 1962 3640
- /basalt screenings:

3 16 limestone 2019 1251 583 1678 2261

3 1 c: 2 s: 4 grJvel. 2l6l 1578 1066 1280 2346
4 1 c: 2% s: 5 " 1877 1237 682 1393 2075

5 I c: 3s: 6 1692 1209 796 1052 1848
6- ic:3s:6 '* 1379 938 554 967 1521

The values of the constants a and [i in equation (2) have been

computed and are given in the above table. Equation (2) applies

to these tests because the samples were of square cross-section.

Even when the cross-section is only an approximate square, this

equation would answer in preference to the more complicated form

of equation (1).

The above figures only illustrate the effect of the shape of a

sample on the compressive strength of the material, but a more

extensive series for a greater number of different sized samples and

such mixtures of concrete as are commonly employed on works,

would be of interest and practical value.

*Quick setting cement.
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Another subject of importance to the designing engineer,

which has hitherto received little attention, is the behavior of stone

or concrete under a single concentrated load. Such cases as a

wheel load on a concrete floor or a heavy road-roller on pavement,

etc.

A few experiments of this character were made by Durand-
Claye in 1885-6 and by Prof. C. Bach in 1888.

The experiments by Durand-Claye were made on 3.94-inch

cement cubes, applying the pressure over the limited surface of a

steel plate varying from 0.39 inch square to 3.15 inches square

and placed exactly in the center of the upper face of the cube. (See

Fig. 3, plate 1.) The ultimate compressive strength of this cement

was 8191 pounds per square inch on a cube sample. The follow-

ing table gives the results obtained:

Breaking Load
No. of
Test

Size of steel plate. Distributed over the area.

Z
a2 z2

inches. lbs. per sq. inch. lbs. per sq. inch.

I 0.39 640 63,535
2 0.79 i,493 37,441

3 1. 18 i,99i 22,183

4 1-57 3,086 19,296

5 I.97 3,726 14,888
6 2.36 4,72i 13,082

7 2.76 5,404 II,020

8 3-15 6,115 9,570

The above figures show that concrete is capable of sustaining

concentrated loads to the extent of at least eight times the com-

pressive strength of a cube when the load is applied to an area

equal to one-hundredth the area of the concrete surface. For ex-

ample, a wagon wheel carrying 5000 pounds and having an area of

contact with a concrete surface equal to one square inch would not

be straining that concrete to f-^J- part of its breaking strength

(assuming this to be 8191 pounds per square inch as above), but to

only -gW^g- = TV (about) of the actual breaking load of 63,535

pounds per square inch under these particular conditions. The

same wheel in rolling over a i-inch cube of concrete would proba-

bly crush the latter to powder. This data is also useful in design-

ing column foundations, etc.

The experiments of Prof. Bach were made on 3.94-inch cubes

(not all exactly alike) of sandstone, but differing from those made

by Durand-Claye inasmuch as the steel plate was kept of same

length as the sandstone sample, allowing only the width z to vary.
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(See Fig". 4, plate 1.) The results are given in the following table,

each value representing the mean of from 3 to 5 samples.

No.
of

Dimensions of Samples.
inches.

Width of steel

plate.
inches.

z

Breaking Load
Distributed over the area.

Test. a b h ab bz

T

2

3

4
5
6

3-92

3-93

3-95
3-94

3-95
2-54

3-95
3-92

3-95
3-94
3-93
2-37

3.87

3-87
3-86
3-88

3-89
2.36

0.20
o-39
o.59

0.79
0.98

2-37

lbs. per sq. in.

1,450
1,706
2,2l6

2,677

3,299
9,286

lbs. per sq. in.

29,151

16,964

14,854
13,409
13,168
9,286

In both of the above sets of experiments it was found that the

failure of the samples was caused by the formation of a wedge
under the steel plate which forced the cubes apart by wedge action.

The subject of most importance in connection with engineer-

ing work is the elasticity of cement mortar and concrete under

compressive stress. The limited number of experiments in this

direction has given rise to a diversity of results directly propor-

tional to the number of experiments. This wonderful lack of uni-

formity in results remained a mystery until Prof. C. Bach, of Stutt-

gart, Germany, in 1895, showed by a series of experiments on con-

crete prisms that it was not the uncertainty in the material, but the

method of measuring the deformations that was responsible for the

wide discrepancies in values obtained for the modulus of elasticity

of concrete.

The fact that every brand of cement and every mixture with

sand or stone, or both, constitutes a different kind of material,

seems to have been entirely overlooked, while in reality a mortar

mixed 1 part cement to 5 parts sand differs from a concrete mixed

1 part cement to 2 parts sand to 4 parts broken stone as widely as

does sandstone from granite, and no one would expect to obtain

the same value for the modulus of elasticity in the two last-named

stones. Prof. Bach has, however, simplified this relationship be-

tween composition of concrete and its elastic properties by dealing

solely with the breaking strength as a function of the composition

and age of the concrete, thus eliminating an infinite series of special

values and obtaining values of general utility and application.

The following is a description of the methods and apparatus

used in making these experiments and the results obtained there-

from.

The samples were 39.37 inches long and of circular cross-sec-

tion 9.84 inches in diameter mixed in the following proportions:

29
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i part Portland cement to 2\ parts sand to 5 river gravel.

I " " "
2.\ " " " 5 broken limestone.

1 " 7! " gravel and sand (dredged).

I " 3 " sand to 6 parts river gravel.

1 " 3 " " " 6 broken limestone.

1 9 " gravel and sand as dredged.

Three samples were made in each of the above proportions,

using Blaubeuren Portland cement for one series and Laufren

Portland cement for a second series.

The Blaubeuren cement gave the following results in tension

:

On a screen having 5800 meshes per square inch (wire half thick-

ness of mesh) 1.9% were retained. Mixed 1 : 3 standard sand (parts

by weight) and 10% water, allowed to set 1 day in air and 28 days

under water, gave a tensile strength of 363 pounds per square inch.

The Lauffen cement gave the following results: On above

screen 3.3% were retained. A sample of same mixture as above

gave a tensile strength of 301 pounds per square inch.

The cylindrical samples were made in wooden molds rammed
in with iron rams until water appeared on the surface. They were

taken out of the molds after 24 hours and placed in bags, which

were kept watered for 28 days. The samples were from 76 to 97
days old when tested. The specific gravity averaged 2.4. The
deformations were measured over a length of 29.52 inches.

The method of measuring the deformations and manner of

holding the samples in the testing machine are shown on plate 1,

Figs. 1 and 2.

The pressure is equally distributed over the ends of the con-

crete prisms by applying the stress through plates provided with

spherical bearings. (See Fig. 1.) The apparatus for recording

the permanent set and the elastic deformations is shown in Fig. 2.

Two such recording instruments are fastened 180 degrees

apart, and are held in position on the concrete prism by means of

rings, as shown in plan of Fig. 1 and Fig. 2. When the prism is

compressed under load the points A and B approach each other

by an amount A \ which is indicated 600 fold on the graduated

arc. Fig. 2 illustrates the principle of the indicator, which is not

new, except that the arm D E F transmits its rotation to a small,

spool at G through a flexible metal ribbon instead of gearing, thus

avoiding any lost motion in the mechanism. The metal ribbon is

tightened by a small weight at the short end of the pointer.

When a sample was placed in the testing machine a stress of

114 pounds per square inch was applied in 1.5 minutes, the deflec-

tion read and the stress released to zero. The permanent set was



CONXRETE UNDER COMPRESSIVE STRESS. 347

Fift.l. rii

Plate I.

Apparatus for Measuring Deformations of Compressive Specimens.
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then observed. This process was repeated until both the elastic

and permanent deformations no longer increased. The next set of

observations was made by raising" the stress to 228 pounds per

square inch in 1.5 minutes, allowing the same time in which to

release the stress, and this process repeated until the deformations

remained constant. Observations were taken in this manner for

the following loads: 114, 228, 341, 455 and 569 pounds per square

inch, which required from three to seven repetitions of the load

before obtaining constant deformations. The limit of 569 pounds

per square inch was set as being the limit which would be adopted

on the work for which the experiments were made. After these

experiments the samples were compressed to destruction.

However, a few samples were tested for deflection for stresses

from zero to the breaking load, and such a sample is recorded, with

the results obtained, on plate 2. The diagram is self-explanatory,

except that a certain point marked a on the curve of permanent

deformation indicates the stress which, even after seven repetitions

of the load, caused the deformations to increase. Therefore, this

appears to be the point beyond which the material cannot be

stressed with safety. The moduli of elasticity as found for the

elastic deformations resulting from the various loads applied are

plotted in the curve designated modulus of elasticity. This curve

shows that the modulus varies almost inversely as the applied load.

The compressive strength—2093 pounds per square inch—found

for this sample was determined on the full-sized sample, whose

length was four times the diameter. According to the experiments

cited in the fore part of this paper, the strength of a cube of same

material would have been about one-half greater, or about 3000

pounds per square inch.

The summarized results of all the tests between the load limits

of 114 and 569 pounds per square inch are represented graphically

on plate 3. The lines representing the relation between ultimate

strength, modulus of elasticity and applied load being almost straight,

show that the modulus varies inversely as the applied load for a

constant ultimate strength. This inverse function, however, de-

pends on the age and composition of the concrete, which two

factors are combined in the ultimate strength. Hence, for a certain

ultimate strength the modulus of elasticity for any case of loading

can be read off the diagram.

In like manner the relation between the permanent set, ultimate

strength and applied load is graphically represented by the set of

curves on the right half of plate 3. In this case the relation
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Plate II.

Sample, 9.84 in. diameter, 39.37 in- high- Deformations measured on a

length of 29.52 in. Mixture, Ypart Portland cement to 7V2 parts sand and

gravel. Specific gravity = 2.40. Age, 93 days, ult. comp. strength 2093 lbs.

per square inch.
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between modulus of permanent set* E 1
, and the applied load for the

same concrete is inverse, but of a higher degree than the first.

It must be remembered, however, that the ultimate breaking

loads on these diagrams were obtained from samples of cylindrical

shape, having a length of four diameters. The actual breaking

strength of cubes of the same concrete would have given results

nearly one and one-half times as large. The breaking strength of

cubes should have been determined for the above series of experi-

ments, though the results are none the less valuable on that ac-

count, as the ultimate strength of the concrete for which the above

data is to be used can be determined for similar cylindrical samples.

A limited number of tests were made by Prof. Bauschinger to

determine the effect of size of cube on the ultimate strength of

cement mortar. The result showed that the larger samples pos-

sessed a slightly higher crushing strength than did the small sam-

ples, but the difference was not great, and the conclusion to be

drawn is that samples of moderate size give results on the safe side.

This result is contrary to the behavior of metal in tension, and

seems somewhat surprising at first, but a second thought will ex-

plain the probable reason for the observed fact. On small samples

the slight irregularities in the bearing surfaces and the slight differ-

ences in mixture and setting qualities of the cement count for more

than on large samples, and as these differences are most certain to

exist to some degree, the large samples give a higher ultimate

strength.

The following data, not usually contained in text-books,

might be given in this connection.

All cement mortars, when setting in air, undergo a shrinkage,

and when setting under water, they show little change in volume,

though there is a tendency to a slight expansion.

For Portland cement mortar setting in air, the linear coeffi-

cient of shrinkage is given by Prof. Bauschinger as follows

:

Mixture i C. : 3 sand, age 16 weeks. . . .0.0009 to 0.0015.

1 C. : 5 sand, . . . .0.0008 to 0.0014.

The linear coefficient of expansion for i° Centigrade is as fol-

lows:

Portland cement mortar (Bruniceau), 0.0000 1 to 0.000014.

*The term modulus of permanent set as here used has the same signifi-

cance as modulus of elasticity, only that the deformations in the former

case are permanent, and in the latter they are elastic. The reciprocal of

this modulus would be the coefficient of contraction. The total deformation

of a compressed member of area A, length 1 and carrying load P,

would be ^t(^r^^i)-
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Portland cement concrete i \2.\\^ (Bauschinger), 0.0000088.

Natural stone and brick (Bruniceau), 0.0000053 to 0.0000083.

Tourstay,in 1885, found that the ultimate compressive strength

obtained from laboratory tests on small cubes of cement mortar is

considerably less than the compressive stress attainable from blocks

of masonry in which the same mortar was used; also, that the

strength of the masonry is an inverse function of the thickness of

mortar joint. He also found that stone plates cemented together

with neat cement grout give an ultimate compressive strength

equal to that of the solid stone, while similar stone plates, care-

fully ground but resting upon each other without cement in joints,

break under much less load.
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THE STEEL FRAME OF THE ST. LOUIS COLISEUM.

By E. -W. Stern, M. Am. Soc. C. E.

[Read before the Engineers' Club of St. Louis, March 16, 1898.*]

In the spring of 1897 it was decided by the St. Louis Exposi-

tion and Music Hall Association to alter part of its large building,

covering the block between Olive, Locust, Thirteenth and Four-

teenth streets, in the city of St. Louis, so as to have a large conven-

tion hall or coliseum.

Contracts accordingly were let to alter the northern part of the

building, occupying a space of 318 feet x 189 feet, and the work
was executed during the summer and fall of 1897.

In the following paper the writer will confine his remarks to

the ironwork only of this structure, as that was the part of the

work that came directly under his charge, as engineer for the con-

tractor.

GENERAL DESCRIPTION.

The steel frame is an oblong dome,—if such an expression can

be used,—and, in this connection, presents some possibly novel

features in its construction.

In plan the structure has a straight portion no feet long, with

semicircular ends, the width being 186 feet 2 inches back to back of

arches, and the length 298 feet 2 inches. (Plate I.)

Filling in between these circular ends and the brick walls of

the building there are floors, supported on cast iron columns and I

beams, which, as they present nothing but ordinary building con-

struction, will not be touched upon further in this paper.

The four main trusses in the central part are three-hinged

arches, 176 feet 6 inches in span, center to center of end pins, and

80 feet in height between pins. (Plate II.) They are spaced 36

feet 8 inches, center to center. Above the main floor line, the

panel points on the bottom ribs of the arches are on the curve of a

true ellipse.

The radial, or cripple trusses, of which there are six at each

end, are attached at their upper ends, by means of pins, to a half

ring 12 feet in diameter, which, in its turn, is connected, by a pin

at each end, to the end main trusses. These radial trusses would

be just half of the length of the main arches were they not inter-

cepted by this ring. (Plate III.) The ring is designed so as to

^Manuscript received April 11, 1898.—Secretary, Ass'n of Eng. Socs.
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take up thrust only, and not any vertical reaction. The radial

trusses cannot therefore exert any vertical reaction on the main

trusses.

The roof covering, which is of an asphalt composition, is laid

on if-inch boards, resting on wood joists, 2| x 16 inches, 3 feet

apart and ceiled underneath. These, in turn, are carried by the

steel purlins of the structure, which are spaced about 16 feet apart.

The gallery floor banks are carried on stringers of 8-inch

channels spaced 3 feet 8 inches, center to center, carried by girders

running between, and supported by, the arches. The rear stringer

is a plate girder; the front one is a latticed girder, the bank

stringers running through the latter and cantilevering out 5 feet

4 inches. (Fig. I.)

The main floor banks, consisting of 9-inch I beams, spaced 3

feet 8 inches, center to center, are similarly carried on girders, and

their lower ends rest on a brick wall, which forms one side of the

air conduit.

The foot of each arch rests on a 4-^-inch pin, carried in a cast

shoe, inclined so as to transmit the horizontal thrust to the foot-

ing, there being no bottom tie-rods. (Fig. 2.)

The entire load of the structure, therefore, is carried to these

footings, excepting the small part of the main floor banks, which is

supported by the brick wall before mentioned.

An interior view of the completed structure is shown in Fig. 4.

LOADS.

The loads, in accordance with which the stresses were figured,

are as follows

:

LOADS ON TRUSSES.

Case I.

Wooden deck and gravel of roof 17.5 lbs. per sq. ft., vertically.

Steel 12.5 " " " "

Snow and wind 25.0 " " "

Total 55.0
"

Add for floor?, viz

—

Main floors, banks and galleries 105.0
" " " "

Attic floors 60.0
" " " "

Case II.

Wooden deck and gravel of roof 17.5 lbs. per sq. ft, vertically.

Steel 12.5
" " " " "

Snow 10.0 " " " "

Total 40.0 " " " "

Wind pressure over entire elevation of

wall and roof of 30.0 lbs. per sq. ft., horizontally.
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LOADS ON PURLINS.

Wooden deck and gravel of roof 17.5 lbs. per sq. ft., vertically.

Steel 3-5 " " " "

Snow and wind 25.0 " " " "

Total 46.0 " " " "

LOADS ON FLOOR BEAMS, GIRDERS AND COLUMNS OF MAIN FLOORS.

Banks and galleries, beams 140 lbs. per sq. ft.

girders 112 '

columns 105 " " " "

Attic floors, beams, columns and girders 60 " " " "

For the main trusses, in addition to the stresses of Case II, there

was added the stress due to the wind bracing between these trusses.

For the radial trusses, in addition to loading of Case II, there

was assumed an additional load of 50,000 pounds supposed to act

up or down at the upper point of truss; this load being what was

assumed probable in case there was slight unequal settlement of the

footings.

For the half ring connecting the tops of the radial trusses there

was another case assumed, beside Cases I and II,—viz, a thrust of

50,000 pounds at any point of the half ring; this being the thrust of

a radial truss under its full live and wind load.

MATERIAL AND WORKMANSHIP.

Materials. All the material used was of medium steel, except-

ing the rivets, which were made of soft steel. Both material and

workmanship conform to Manufacturer's Standard Specifications.

UNIT STRAINS.

Tension 16,000 lbs. per sq. in.

Compression, for lengths of 90 radii or under 12,000 '

over 90 radii 17,100— 57—
Combined stress due to tension or compression and

transverse loading 16,000 " " " ''

Shear on web plates 7,500 " " " "

Shear on pins 11,000 " " " "

Shear on rivets 10,000 " " " "

Bearing on pins 22,000 '

Bearing on rivets 20,000 " " " "

Bending, extreme fiber of pins 25,000
" " beams 16,000 " " " "

Lateral connections have 25 per cent, greater unit strains than the

above.

The above unit strains are not to apply, however, to Case II of

trusses. For this loading the above unit strains were increased

one-third.
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The maximum sections found by using the foregoing loading

and unit strains were adopted for dimensioning members.

DETAILS OF CONSTRUCTION.

The ribs of the main arches are built of angles and plates in

the form of a T section. The compression ribs have a cover plate

and also a pair of light angles to stiffen the fin of the projecting

Fig. 2. St. Louis Coliseum, Pedestal and Foot of Arch.

web. The ribs of the radial arches, up to the haunch, are similarly

constructed, except that the sections are lighter. From the haunch

to the apex they are made of a pair of angles with cover plates.

The web members are all made of angles. The joints are all

full-riveted, no allowance being made for abutting in the compres-

sion ribs.

The purlins are triangular trusses 4^ feet deep, made of angles.

(Plate IV.)
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The half ring (Plate IV) is made of a pair of 7 x 3^-inch

angles, with web members of 3 x 3-ineh angles. At each end it

connects, by means of horizontal pins 3yf inches in diameter, to the

end main truss. The radial arches are connected to this ring by

horizontal pins 2T
7
g- inches in diameter. For convenience in sup-

porting it during erecting, and for the sake of appearance, this

radial ring has a light framework of angles underneath. It is

purely false work, and transmits no stress.

The laterals between the main trusses are 5 x 3 x f-inch angles

above the haunch; all other laterals are rods having adjustment.

The inner girders, between the arches supporting the stringers

of the gallery and main floor banks, are of latticed construction,

with panel points the same distance apart as the stringers. They
have an upright angle at each panel point, to which the stringers

passing through the girders connect. (Fig. 1.)

All connections throughout the entire structure were riveted

as far as possible, except, of course, at the expansion joints.

BRACING, ETC.

Under uniform vertical live or dead load, the resultant thrust

of one of the domed ends, at the top of the arches, would be

counteracted by that of the other end; but under unequal loading

or wind pressure, which is assumed to act horizontally, the thrust,

not being counterbalanced, has to be taken care of. For this pur-

pose the main arches are coupled together in pairs with an efficient

system of lateral bracing, one-half the thrust being supposed taken

care of by each system. To properly transmit the thrust to these

lateral systems, the top purlins, on each side of the ridge, are

coupled together with brace rods, struts and X frames. For the

sake of appearance, they are made the full depth of the arches.

The lateral rods do not run to the shoes, on account of the

space at bottom of main trusses being required for stalls. A heavy

portal, of triangular box section, carries the thrust down to the

shoes.

The cripple trusses are coupled together in pairs with lateral

rods down to the ceiling line. The thrust due to wind was then

allowed to go into the line of girders around the structure at this

point, and into the adjoining floor systems.

The compression ribs of the main and cripple arches are stayed

against side motion by angle iron ties, connecting to the first panel-

point in the bottom chord of the purlins.

Owing to the greater depths of the arches near the haunch, it

was thousfht that this would not have been sufficiently effective.
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Therefore, in the plane of the first diagonal brace of the truss above

the haunch, diagonal rods are used, connecting all the bottom

ribs of the trusses to the upper ribs of the next truss. No strut was

used between the bottom chords, as it would have been directly in

the line of vision from the rear gallery seats to the farther end of

the arena.

The front and rear girders supporting the gallery and main

floor banks are tied together with a triangular system of angle iron

bracing, taking care of any local vibration, and firmly holding

together the lower portions of all the arches.

EXPANSION.

To provide for expansion, the purlins and girders between the

arches have slotted holes in every alternate bay, except that

between the main arches there is no allowance for expansion in

the purlin system, as the purlins have to act as struts for trans-

mitting the resultant of half of the thrust of the radial arches to the

two wind systems. As there is no likelihood of a greater variation

in temperature than 75 , which would mean an extension of about

three-quarters of an inch in no feet, or three-eighths of an inch at

each end, this is taken care of by the slotted holes in the adjoining

purlins of the radial system. The ties, from the purlins to the

bottom chords of the arches, have no expansion joints, nor

has the bottom chord of the purlins; but, the pair of upright angles

of the arches not being connected together, where the bottom chord

of the purlins attach to it, they can close together or spring apart

sufficiently to take care of the small variation of less than one-

quarter of an inch due to expansion in the purlins.

The rods, connecting the pair of ridge purlins between the tops

of the main arches, were not adjusted until the conditions were

favorable. A hot day was selected, when it was thought that the

arch apex was at its highest point, the rods were then drawn taut.

As the temperature lowers, the arch lowers, and the rods be-

come looser.

To prevent secondary strains in the half ring to which the

radial trusses are connected at their tops, there is y^-inch clearance

in all the pin holes, where they connect with the rings, and also

where the rings connect with the main arches. There is also

clearance between the pin plates, so that the trusses and the ring

can slide a little sideways on their pins.

SHOP CONSTRUCTION.

Before making the templates for the arches, the axial lines of

a half arch were accurately calculated, and platted on the laying-
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out floor by triangular measurements. The extreme points of the

lay-out were checked by independent measurements.

This full-size lay-out greatly facilitated the making of tem-

plates. Extreme accuracy in the matching of holes was insured

with a minimum amount of draughting, and so nicely did the work
come together that very little reaming was found necessary on

assembling the pieces.

In order to avoid the handling of large, heavy pieces before

the drill press, the foot of the arch, through which the pin hole was

bored, was made separately, and afterwards riveted on.

ERECTION.

The wrecking and altering of the old interior of the building

was carried on at the same time as the erection of the steel work.

Working in the building at the same time were wreckers,

excavators, concreters, stone-masons, bricklayers, carpenters and

pipe-fitters. Lumber and rubbish were piled everywhere. The
confusion resulting from this state of affairs added materially to the

cost of erecting, and. impeded considerably the progress of the

work.

It was, of course, absolutely necessary to locate the cast bases

of the trusses very accurately, and it might be of interest to explain

the method used by the writer.

It was found advisable to do this work on a Sunday, as no one

else was then working on the building, for on a weekday it was

very risky. One did not know just when a brick or a plank from

aloft might hit him.

The shoes for the radial trusses being situated on the arc of a

circle, hubs were located with the transit at the intersections of the

tangents to the circle, passing through the axis of the pin of each

truss. (Plate I.) The transit being then set up over these points

successively, other hubs were then placed exactly 6 feet each side

of the center of the arch and in the line of this tangent, and were

sawn off so that their tops were at the same level as the center of

the shoe pin. (Plate IV.)

A wire was then stretched between the tacks of these hubs and

touching their tops, so that this wire coincided exactly, as to line

and level, with the axis of the shoe pin.

A half pin of wood, with the center lines marked each way,

and of the same size as the steel pin, being then placed in the cast

base, it was an easy matter to bring the base into exact position.

Cast blocks and double wedges were used under each corner of

the shoe, so that it could be readily raised or lowered.
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When the shoes were brought into exact position, they were

firmly stayed against any possible jarring during the erection of the

arches by shoring against the sides of the pit.

During erection, the material was unloaded on the Fourteenth

street end of the building by means of a boom derrick, which

swung the material from the drays on to the old main floor of the

building. It was skidded on rollers as nearly as possible to where

it was wanted.

The bottom section of the arches came from the shop riveted

up. These were set in position, with ordinary shear-leg derricks,

from the old main floor of the structure.

The girders supporting the main and gallery stringers, being

put in place, held them sideways. In the other direction they were

shored up from the old floor.

The sections of the half arch, from the haunch to the apex,

were then assembled on the old floor and riveted up complete.

Timbers being lashed for stiffness, they were then tilted Up on edge

by means of the traveler derricks and a shear-leg, and then hoisted

bodily into place by the traveler derrick.

This traveler was 63 feet wide, 31 feet deep and 42 feet high.

It had two stiff leg-boom derricks on top, the mast being 24^ feet

long and the booms 34 feet long. (Fig. 3.)

The hoisting was done with a f-inch steel cable rove through

double blocks on the falls, and passing down to a double-drum

hoisting engine on the rear end of traveler. The boom falls were

i^-inch hemp rope, rove through triple blocks, and were worked by

a hand crab lashed to the floor of the traveler.

The radial trusses at the east end were raised by this traveler,

as it faced that way; but at the west end only the two outside

trusses could be handled by the traveler, the others being hoisted

into position by means of a shear-leg derrick having a pole lashed

to it.

WEIGHTS, ETC.

There were 76 sheets of shop details.

The total weight of the iron in the entire structure was

1,905,000 pounds.

Main arch each 64,000 lbs.

Radial arch ,

Purlin between main trusses

Main floor bank stringer

Balcony floor bank stringer

Cast shoe

21,000

1,450

810

280

3,000

30
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There were 4188 days' labor spent on the work in the shop

and 3550 days' labor during erection, the average number of men
in the erecting force being about fifty.

The stress diagrams and detail plans of the steel frame were

made under the supervision of the writer, in the office of the Koken
Iron Works, who were contractors for the ironwork, and were sub-

mitted for approval to the consulting engineer, Mr. Julius Baier,

Assoc. Mem. American Society Civil Engineers, to whom the

writer is indebted for valuable suggestions that were embodied in

the construction.

The stress diagrams were also submitted for approval to the

Board of Public Improvements, Mr. A. H. Zeller, engineer.

The shop work was inspected by Mr. J. D. McKee, civil

engineer. The architect of the coliseum was Mr. C. K. Ramsay,

consulting architect Mr. Louis H. Sullivan.

The general contractors for the entire structure were the Hill-

O'Meara Construction Company.
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CO-ORDINATE SURVEY OF THE CITY OF BOSTON.*

By Frank O. Whitney, Member Boston Society of Civil Engineers.

[Read before the Society, May 18, 1898.!]

During more than two hundred and fifty years of its history

Boston has suffered great inconvenience and expense, owing to the

complexity of its street system and the great outlay of money and

the destruction of property necessitated by frequent attempts to

widen and improve her thoroughfares.

From year to year the difficulties have increased by reason of

a condition which allowed owners of property to develop it in any

way which might suit their convenience without municipal control.

Appreciating the complications likely to arise from a continu-

ance of past methods the Mayor of Boston, in 1891, presented a

bill to the Legislature which resulted in an act providing for the

appointment of a Board of Survey for the city of Boston with

authority to devise a scheme of streets for the entire city, to be

adopted as a basis for future street improvements.

The act also provides for changes in the methods of procedure

in assessing the cost of street construction.

*The writer desires to express his obligation to Mr. S. C. Ellis, who
was Chief Engineer for the Board of Survey from 1891-1895, and to Mr.

J. Frank Williams, engineer in charge of the triangulation, for information

either directly or indirectly received in regard to the earlier work of this

survey.

The annual reports have been freely quoted without particular acknowl-

edgment.

tManuscript received May 26, 1898.—Secretary, Ass'n of Eng. Socs.

32
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The duties of the Board of Survey, as defined by the act, are

as follows, viz: "The Board of Survey shall, with all reasonable

dispatch, cause to be made under its direction plans of such terri-

tory or section of land in said city as said board may deem neces-

sary, showing thereon the location of such highway or the location

of such highways, whether already laid out or not, as said board

shall be of the opinion the present or future interests of the public

will require in each territory, showing clearly the directions, widths

and grades of each highway."

That the board might be able to present their views to the pub-

lic, and at the same time get a general expression of the opinion of

all public-spirited citizens as to the future needs of the several sec-

tions of the city, preliminary plans covering large territories were

compiled and plotted on a scale of one in one thousand.

While these plans were not the result of actual survey they

were of sufficient accuracy to permit of their use at public hearings,

and have been most valuable for the purpose of blocking out pre-

liminary systems of streets.

These plans are publicly displayed and have been of great

value to the department, especially when called upon to furnish

general information regarding the work.

At the outset it became necessary to determine what means

should be used to accurately and permanently locate streets to be

projected in compliance with the act.

It had been the custom to depend largely upon offsets to sub-

stantial buildings for the location of street lines in the more thickly

settled portions of the city, and where no convenient objects of that

nature were accessible, to depend either upon offsets to fences or

cause ordinary stone bounds to be placed in the ground.

Experience has proved that these methods do not necessarily

secure permanence, as in the continual changes due to reconstruc-

tion and other causes, many monuments become unreliable or are

totally destroyed.

In case of a fire sweeping over a large area, as in the great

fires of Boston and Chicago, a vast number of boundaries become

totally obliterated, and much litigation naturally follows.

After careful consideration of the advantages and disadvan-

tages of different methods of location, it was decided to adopt a sys-

tem of location by rectangular co-ordinate positions determined

with reference to two imaginary lines at right angles to each other,

and passing through the center of the dome of the State House as

an initial point, the position of which had been determined by the
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United States Coast and Geodetic Survey. By so doing direct

connection with the Government surveys was secured.

The whole city was then blocked into squares of 10,000 feet on

a side by lines parallel with and at right angles to the State House

meridian, each square being designated by a letter.

These squares were then subdivided into one hundred smaller

squares with 1000 feet on a side and numbered from one to one

hundred.

The official plans filed include the area covered by each one of

these smaller squares, and are designated by letters and numbers

as A 1, X 10, etc.

These plans, when completed, are filed with the City Engineer,

and by reference to an index map the location of each plan may be

seen and the progress of the work readily noted.

The distance of each section line from the State House merid-

ians is given upon each plan.

The azimuths of all street lines from the State House meridian

are shown on the plan, and the co-ordinate positions of the street

corners and tangent points of curves are also given.

With this data, the position of any point, or the distance

between any two points, may be readily calculated.

For the preservation of lines and the convenient establishment

of the points on the ground, monuments set in concrete have been

placed at frequent intervals and their location designated on the

plans by their co-ordinate positions.

The surveys have been very carefully made. The most ap-

proved methods have been adopted, and a high degree of accuracy

has been attained.

The survey is based upon a triangulation in which positions

determined by the United States Coast and Geodetic Survey were

used as primary points from which secondary stations were located

by means of a system of triangles which extended over the whole

city.

These secondary positions are located upon prominent points

throughout the city, and from these other points have been trans-

ferred at frequent intervals to the ground.

These last-named points have been a basis for traverse meas-

urements and connections.

The primary bases for this triangulation were obtained from

Appendix 8, Coast and Geodetic Survey Report for 1885.

The points used and their geodetic positions are as follows:
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Name of Station. Latitude. Longitude.

Prospect, Waltham 42-23-18.831

42-22-53.490
42-21-29.596
42-20-C7.037

42-I2-43.94I
42-24-04.564
42-18-15.69

71-15-15.333

7I-07-43-885

7 1-03-5 1 040
71-02-32.861

71-06-52.638
71-OI-52.055
70-54-20.203

Cambridge Observatory, center of
dome, telegraphic longitude station,

Boston State House (C. & G. S & B.)

Blind Asylum
Blue Hill, astronomical azimuth sta-

tion, 1845

Nantasket

Of these points Blue Hill is the only primary position accessi-

ble for purposes of this survey, the next nearest being Wachusett.

Its position can be relied upon with almost absolute accuracy.

Nantasket is a sub-primary station, and its position is con-

sidered very accurate.

Prospect Waltham is a principal secondary station, and its

position is nearly as accurate as Blue Hill.

Cambridge Observatory is a secondary station; its position is

considered good but inferior to Prospect Waltham.

The State House and Powderhorn are tertiary positions, pos-

sessing about one-half the accuracy o* Prospect Waltham.

The Blind Asylum is also a tertiary position, but for it the

Government makes no claim for accuracy.

The bases were computed by inverse solutions of the "Lati-

tude, Meridian and Azimuth" formulae. See Clarke's formulae,

Appendix No. 7, Report for 1884, United States Coast and Geo-

detic Survey.

From State House to
Distance.
Meters.

Log.
Meters.

Distance.
Feet.

Log.
Feet.

Prospect Waltham 16015.II

5923-29
3113.08
16744.16
5502.II

14373-68

4.2045299
3.7725628
3.4931908
4.2238634
3.7405295
4-I575679

5254348
19433-53
10213.62

54935-41
18051.71
47158.16

4.7205188
4.2885517
4.0091797
4 7398523

Cambridge Observatory,
Blind Asylum
Blue Hill

4.2565184

46735569

For convenience the zero of the system of rectangular co-

ordinates was assumed 50,000 feet south and 50,000 feet east of the

position of the State House, thereby avoiding minus positions, only

four of which occur in the system, viz:

Blue Hill, astronomical azimuth station, 1845.

Blue Hill, Borden triangle let into floor inside of tower.

Blue Hill pole, flagstaff on top of tower.
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Blue Hill tower, center of tower.

The geodetic position of the State House was assumed as the

center of the system, and the geodetic azimuth and bases obtained

from the inverse solutions of the L. M. Z. of Clarke's formulas were

used to establish the co-ordinate positions of

Name of Station. North. West.

Prospect , Waltham 61115.46

58499.41
41643.17
—3208.32

IOI354.29

67476.33
44127.93
63666.51

Blind Asylum
Blue Hill

From these co-ordinate positions were obtained the azimuths

and bases:

From To Azimuth.
Distance. L _ .

Feet.
!

L°S- Feet -

Prospect, Waltham

Cambridge Obs

Blind Asylum

Cambridge Obs
Blind Asylum...

*Blue Hill

Blind Asylum....
*BlueHill
*Blue Hill

274-24-56.18 33978.82 ,4 5312083
288-47-30.45 60448.54 4.7813858
329-38-01.10 74551-43 4-8724560
305-49-37.86 28797.23 4-4593507
356-28-01. 40I 61825.23 4 7911657
23-32-21.50 48922.52 4.6S95088

The position of Parker Hill, Ames and Ames pole were then

established, and the base, Parker Hill to Ames pole, was used by

means of the "two-point" problem to determine the position of

Cambridge City Hall and Corey, the formula for which was ob-

tained from the Massachusetts Topographical Survey, being one

which appeared in the manuscript report of Mr. James Main, of

the United States Coast and Geodetic Survey in 1877.

The formula and its application is here shown:

TWO-POINT PROBLEM.

Cambridge City Hal

Corey

A Ames pole

'Blue Hill, astronomical azimuth station, 1845.
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Given angles a, b, c, d and side e

m X
e

sin (a + b + -c) sin y
sin c sin a

sin b + c + d sin x

sin y
sin x

— v —
i e sin b sin d

sin a sin c sin (b -f- c + d)

sin b sin d sin (a + b -\- c)

sin y — sin x tan <J> — i

= tan <i>

sin y -\- sin x

tan y2 (y— x)

tan y2 (y + x)

tan <t> -j- i

= tan (<*> — 45°)

.
". tan

a = 78 21' 54-56"

b = 37 44' 57.50"

c = 34° 34' 28.67"

d :=: 51° 26' 00.26"

but y. (y + x) = y2 (b + c)

- x) = tan y2 (b + c) tan (<i>— 45 )

b + c + d = 123 45' 26.43"

a + b + c = 150 41' 20.73"

y2 (b + c) = 36 09' 43-o8"

log. e = 4.2321670

log. sin a 9.9909835

log. sin c 97539499
log. sin (b -)- c -f- d) 9.9198092

I sin d 0.1068577

co. log. -j sin b 0.2131012

(. sin (a 4 b 4 c) 0.3102043

tan y2 (b + c) 9.8638404

tan (4> — 45 ) 9.5146159

tan <l> 0.2949058

4> = 63 06' 37.45"

log. e 4.2321670

sin (a + b -f c) 9-6897957

sin y 9.8817257

co. log. sin c 0.2460501

co. log. sin a 0.0090165

tan y2 (y — x) 9-3784563

y2 (y — x) 13° 26' 35-83"

y y + x 36 09' 43-08"

X 22° 43' 07.25"

y 49° 36' 18.91"

log. e 4.2321670

sin (b + c + d) 9.9198092

sin x 9.5868199

co. log. sin b 0.2131012

co. log. sin d 0.1068577

4-0507550 e' 4-0587550

ANOTHER SOLUTION.

Assuming the side e' as unity, the angles and sides of the

quadrilateral may be computed as follows

:

180 — (b + c 4- d) = f

sin f : sin (c + d) = 1 : z

180° — (a + b 4-c)

sin g : sin c = 1 : n

Which gives two sides and the included angle of the triangle A, B,

C, from which we can find the angles y and (g 4~ x) and their sides

in relation to e' as unity.
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THREE-POINT PROBLEM

A
Cambridge City Hal

Par\t Ames pole

City H&Spilal

The "three-point" problem has been employed very satisfac-

torily in the determination of positions; two independent solutions

were always worked, and frequently three or four.

Reference is here made to Appendix 9, Report for 1882 of the

United States Coast and Geodetic Survey, for a more comprehen-

sive exemplification of the problem.

One example of its application is appended:

Given sides a, b and c.

Given angles A, B and C.

Observed angles A, P, C and A, P, B.

To find A, B, P = x A, P, C = P'

To find A, C, P = y A, P, B = P"
Azimuth Cambridge City Hall to Parker Hill i° 17' 21.03"

Azimuth Cambridge City Hall to Ames pole 228° 55' 26.57"

Angle at A ; 78 21' 54.46"

tan Z = I
Sm P'„

t = y2 (x — y) tan e = cot (Z + 45 ) tan s

b sin P
x = s -j- e

y = s — e; but if tan e be negative, then x = s — e and y = s -j- e

s = 180 — y2 (A + P' + P")

log. c 4.1229092 A = 78° 21' 54.46"

sin P' 9.9997980 P' = 91 ° 44' 50.62"

co. log. b 5.8621092 P" = 92 55' 53-23"

co. log. sin V! 0.0005687
2)263° 02' 38.31"

tan Z 9-9853851
Z 44° 02' 10.05" 131° 31' 19.15"

180°

48° 28' 40.85"

log. cot (Z + 45°) 8.2259390

log. tan s 0.0528558

log. tan e 8.2787948

e i° 05' 18.93"

s 48° 28' 40.85"

x 49° 33' 59-78"

y 47° 23' 21.92"
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Ames pole to Cambridge City Hall 4.1229092

Mechanics 92 55' 53.23" 0.0005687

Ames pole 49° 33' 5978" 9.8814762

Cambridge City Hall 37° 30' 06.99" 9.7844663

Mechanics to Cambridge City Hall 4.0049541
Mechanics to Ames pole 3.9079442

Parker Hill to Cambridge City Hall 4.1378908
Mechanics 91 44' 50.62" 0.0002020

Parker Hill 47° 23' 21.92" 9.8668613

Cambridge City Hall 40 51' 47.46" 9.8157420

Mechanics to Cambridge City Hall 4.0049541
Mechanics to Parker Hill 3.9538348

Azimuth Cambridge City Hall to Ames pole 282° 55' 26.57"

Angle at Cambridge City Hall, Ames pole to Mechanics. . . 37° 30' 06.99"

Azimuth Cambridge City Hall to Mechanics 320 25' 33.56"

9.8869430 sin 320 25' 33.56" cos 9.8041902

4.0049541 Mechanics to Cambridge City Hall 4.0049541

3.8918971 3.8091443

7796.45 6443.83

53246.49 Cambridge City Hall 61364.12

45450.04 Mechanics 54920.29

This presents one of the four solutions worked. The four

results and their mean are:

North. West,
feet. feet.

Cambridge City Hall, Ames pole, Parker Hill 45450.04 54920.29

Parker Hill, Ames pole, City Hospital 45450.02 54920.31

Cambridge City Hall, Ames pole, City Hospital 45450.04 54920.32

City Hospital, Parker Hill, Cambridge City Hall 45450.00 54920.29

4). 10 4)1.21

Mean position of Mechanics 4545.02 54920.05

When the several determinations of the co-ordinate positions

have approximated closely, the final result has been obtained by-

using the arithmetical mean instead of the process of least squares,

the result showing no appreciable difference.

In the more recent work, it has been found convenient to plot

the several determinations on a scale of one to one and decide upon

a mean graphically.

This is illustrated in the figure.
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A and B show where the line from Bellevue Tower crosses the

meridian lines W. 58541 and 58540. C and D show where the line

from Blue Hill cuts- the Lines N. 22600 and N. 22601. E and F
show the intersections of the line from Parker Hill, and G and H
the intersection of the line from Corey.

These positions plotted full scale show intersections at I and J,

whose mean may be readily seen to be at X, the north and west

ordinate of which may be measured.

The angles observed for fixing co-ordinate positions were read

twenty-four times or more, twelve direct and twelve reverse, turn-

ing; from left to risfht.

By the terms "direct" and "reverse" are meant: Direct, turn-

ing from left to right with the telescope in its ordinary position

(with level bubble below telescope). Reverse, reversing the tele-

scope and repeating the operation.

This was done for the purpose of correcting any error in the

line of collimation.

The readings were taken by the continuous method to avoid

errors of graduation.

First setting the plates at zero, sighting to the left-hand signal^

and clamping the lower motion; releasing the upper motion and

turning to right-hand signal and clamping.
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This angle was read and called the rough angle, or i, as it

appears in the form here shown; the lower motion was then re-

leased, telescope turned back to left-hand signal and the operation

repeated, with the exception that no more readings were taken

until the sixth angle had been turned. Readings of both verniers

were recorded.

At Water-tower, December 16, 1892.

Station. Time.
D
R

D
R
D
R

Rps

1

6
6
6

6

A B
Mean
of

Vern'rs
Angles.

Mean of
D& R

Re-
marks.

Blind
Asylum, 9- 30 360-CO-OO

129-42-40
58-16-30
H6-33-OO
174-49-30
233-06-OO

180-OO-OO

238-16-30

296-33-00

354-49-30
53-06-OO

16-30
33-00
49-30
06-OO

129-42-45
129-42-45
129-42-45
129-42-45

-129-42-45

Clear
and
Cold

The operation of "filling the circle" has been strictly adhered

to. For instance, if an angle of 90 was read from A to B, the

angle from B to A, or 270 , was read with equal care.

In a circle comprising several pointings, as A, B, C and D, the

angles A to C and B to D were also read for the purpose of elim-

inating possible error.

The transit was a Buff and Berger, with horizontal plate 7

inches diameter, graduated to 20' with vernier reading to 10".

The cross-hairs in the telescope were placed at an angle of about

6o
c

, with the horizontal in the form of an X, dispensing with the

vertical hair. The weight of the instrument and tripod together is

26-J pounds.

Refraction was the most potent factor in delaying progress of

the work. Numerous chimneys, ventilating shafts, etc., in the city

proper gave a great amount of trouble to the observer, and required

extreme care and patience in manipulating an instrument. Obser-

vations were taken at different hours of the day, and under different

conditions of atmosphere, for the purpose of eliminating errors of

refraction. In the suburban districts the refraction did not exist to

the same extent, and the work progressed much more rapidly.

Heliotropes were used on the long and difficult sights, and the sta-

tions were occupied several times.

The signals first used were of the tripod form; the center pole

10 feet long, 2\ inches in diameter, and painted alternately black

and white each foot in length ; the tripod or braces were 9 feet long

by 2| inches, and secured by £-inch bolts to the center pole and to

heavy stakes driven into the ground for the purpose. This form of
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signal was found to be convenient, as no nails were required to put

it in place. A small wrench was all that was required to remove

a signal from over a station. These signals, however, in the later

work have been superseded by poles 12 feet long and 4 inches in

diameter supported by guy wires attached to the pole by means of

screw eyes, and fastened to stakes in the ground. This form of

signal is more easily transported from place to place, and is more
simple in construction.

The next important work after the triangulation has been the

survey of the territory under consideration. This work has in-

volved the measurement and location of all objects on the ground,

the determination of present street lines, and as far as property

lines were affected by the proposed street widenings, or the loca-

tion of new thoroughfares, the investigation of individual owner-

ship.

This work has called for the greatest possible care in the meas-

urement of lines, it being necessary that all surveys should fit into

the triangulation. All base line measurements have been made
upon the surface, and the correction for difference in level deter-

mined by leveling over the line with an instrument instead of trust-

ing to the possibility of accuracy in making plumbed measure-

ments. The temperature has been carefully noted, and the proper

correction made. Balances have been used to determine the ten-

sion on the tape. The surveys have been plotted on a scale of 1 in

250. The working plans or plots thus made will become ex-

tremely valuable in the future, as they contain much information

which it is impracticable to show on the finished plans. These

plots show as fully as possible all information gathered from many
sources, the results of calculations, the data from recorded plans

and deeds, as well as interpretations of lines furnished by private

surveyors.

After the annexation of the several cities and towns which now
make up a large part of the city of Boston, surveys of the streets in

each district were made, with reference to the existing objects.

These surveys have been of great service in furnishing house and

fence measurements, thereby saving a great deal of labor in con-

nection with plan accessories.

These surveys have also been very useful in determining the

acquirements by reason of occupation, as most of them were made

prior to 1876. More than the twenty years required in most cases

have elapsed, and these old notes furnish very valuable proofs of

present ownership.

The street plans in the past have been very carefully made,
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and their accuracy has not been impeached by this new survey;

but as they have necessarily been the results of isolated surveys,

except in a few cases where large sections have been considered,

they cannot be depended upon for compilation into an accurate

city survey, but they do become very useful in furnishing details

for such a survey.

The rectangular system of laying out streets followed in New
York, Philadelphia and many other cities has never found ad-

herents in Boston, except for restricted areas like the Back Bay or

for isolated sections as East and South Boston.

The old method of allowing each owner to develop his prop-

erty in his own way has resulted in creating here and there small

settlements which are scattered all over the city limits, planned

without reference to each other and too firmly fixed to admit of

radical change.

It has therefore been necessary to consider the existing con-

ditions, and instead of obliterating streets that have been in use

for a long time, to provide first for convenient thoroughfares and

boulevards which shall connect these neighborhoods, and by pro-

viding the intervening spaces with streets arranged with reference

to the topographical conditions and accessible to the main arteries.

The growth of Boston having been largely the result of an-

nexation has been another reason for the present lack of system,

and the necessity for allowing the general conditions to continue is

apparent.

Again, the irregular outline of the city boundaries presents an

obstacle to rectangular development which it is important to con-

sider.

The selection of locations for main avenues is a comparatively

simple matter, the main centers having been for the most part

determined. The demand being for direct connection by means of

avenues of sufficient width to accommodate all probable travel and

of a gradient insuring economy and ease.

It has been necessary to provide for the widening of most of

the streets which are destined to become the future arteries of the

system.

A common width has been 80 feet. In some cases where the

conditions point toward a large pleasure or street car travel boule-

vards 120 feet in width have been provided. On the other hand,

many of the avenues have been laid down as narrow as 60 feet.

The streets off from the main lines of travel have been made
for the most part 40 feet in width. In some cases 50 feet, and in

neighborhoods where there seems to be no possibility of increased
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use. the narrower existing streets have been allowed to remain

without provision for future widening.

Topography has been such an important element in determin-

ing the locations of the streets that a great amount of contour work

has been necessary. For this purpose it became important at the

very beginning to do a large amount of leveling, all of which has

been referred to the City Base as a datum plane.

The City Base was established as a plane of reference for city

grades by the city engineer about fifty years ago, and until about

twenty-five years ago was called mean low water, with which it was

supposed to agree.

The point of reference all the time being the coping of the

dry dock at the Charlestown Navy Yard, which was considered

to be 15 feet above mean low water.

Coast survey observations covering a long period of time

proved mean low water to be 0.64 feet above the City Base.

It was considered more convenient to continue the use of the

old base with the new name than to change existing plans and

grades to agree with the new determination of mean low water.

When the work of this survey was undertaken, in 1891, there

were well-tested benches in existence in the various sections of

the city, so that it was only necessary to extend the system, and in

a few cases to test those which were of uncertain location or

accuracy.

Profiles have been made of the main avenues from actual levels

taken on the ground, but the profiles of the secondary streets have

been made from the contour plans which have been the result of

stadia work.

These contour plans of rough, undeveloped country have been

of great use in determining both the location and proposed grade

of each new street. The contours are shown for each foot of ele-

vation, and the scale has usually been 40 feet to an inch. Previous

to this survey very little accurate contour work covering large

areas had been done by the city. The topographical plans in ex-

istence were so unreliable as to render them of little value in this

work, although they undoubtedly answered the purpose for which

they were made. The usual methods for performing stadia work

have been adopted without discovering any special means of

economizing labor in the field. Several methods of calculation

have been tried, supplemented by the use of the mechanical

devices which have found a place upon the market, none of which

seemed entirely satisfactory.

The device which is now being used exclusively was invented
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by Mr. William H. Foss, who has been connected with the survey

from the beginning. It is simple in construction, its operation

easily understood and the final results can be observed after three

mechanical movements.

The apparatus is illustrated in the accompanying drawings, in

which Fig. I shows the apparatus in plan. Fig. 2 is a section taken

on line X X of Fig. I. Fig. 3 shows in elevation parts of the ver-

tical scale. Fig. 4 is a cross-section taken on line y y of Fig. 3.-
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Fig. 5 is an enlargement of a portion of the vertical device L and

the reading-lines b, b' and K. The letters are the same as on plan,

Fig. 1, except where new ones are required.

In the drawings, Fig. 1, A represents a base-board, made of

any suitable material, and having fixed to its lower border a bar B,

which has attached to it a scale-piece, upon both edges of which is

a graduated scale indicating feet or meters. These edges or read-

ing-lines are indicated by b and b', Fig. 1. The base A has also

affixed to it, by a pivot at K', a swinging arm K. This swinging

arm is graduated with the same divisions that are upon the scales

on the scale-bar B, but the zero-point on the arm is in advance of

the zero-point on the fixed scales b, b', as shown in Fig. 1. This
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advance of the zero-point is made as a method of correcting the

constant error made in measuring by stadia wires that is due to

the fact that the intersection of the visual lines is not at the center

of the instrument, but at a point in advance; that is, toward the

object. As this correction varies with different instruments, the

graduation marks are made on a movable strip adjustably attached

to the swinging arm K. The swinging arm K has firmly attached

to it a vernier K2
,
graduated in the usual manner, and adapted to

move with the swinging arm along the graduated arc M. The
graduations and numbers on the arc M are so arranged that when
the arm K is set so that the reading of the vernier is the same as

the observed angle, the angle which the arm K makes with the

scale b is twice the observed angle. The size of the graduations on

the arc M is made double the size of ordinary graduations to the

same radius.

The vertical device L, carrying the two scales S and T, Fig. 3,

is attached to a sliding base-piece U, which is free to move along

the scale-bar B; and is so adjusted that the scales S and T will

always be perpendicular to the scale-bar B. The base-piece L' is

held to the scale-bar B by the clamping pieces L2
, L2

. The verti-

cal scales S and T are graduated just alike, and the unit divisions

on them are twice as long as the unit divisions on the scales b, b'

and K. The unit divisions on the scales S and T are subdivided

to tenths of a unit division. The scales can be adjusted by means

of the small clamp-screws S4 T 4 and S 5 T5 at either end of the

scales, as shown on Fig. 3 ; so that any one of these tenth divisions

of the first unit division may be made to coincide with the line W,
passing through the point K' and the zero-point of the arc M.
Slots cut in the scales allow them to move back and forth a suffi-

cient distance. There are no numbers on the scales S and T to

designate the divisions, the numbering being done by two movable

belt ribbons S' T', passing over small rollers S 2 T2
, Fig. 4, located

at either end of the scales and running close to and parallel with

said scales S and T. On the upper surface of these ribbons are

numbers of any desired range. The rollers at the lower end of the

scales are not shown, as they are the same as those indicated by S 2

and T2 at the top of the scales, Fig. 4. The rollers S 2 and T2 can

be turned by means of the finger-wheels S3 and T3
, so that the belt-

ribbons can be moved in either direction and thereby cause any

desired number to stand at any desired unit division of the scale

SorT.
The reading-wire P 2

is an arrangement for the purpose of

locating a point on the reading-line of the scale b, which point indi-
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cates the reading of that scale to express the correct horizontal

distance. It is attached to a flexible spring fixed within a tube P,

said tube being located midway between the two belt-ribbons S'

and T. The spring is for the purpose of keeping the reading-wire

at a proper tension. The reading-wire P 2 passes through a small

eyehole at P'. This eyehole is at a distance from the reading-line

of the scale b equal to the distance between the reading-lines of the

scales b and b'. After passing through said eyehole the end of the

wire is attached near the center P 3 of a slide P 4
. The slide P*

moves on a spindle attached to the clamping-pieces L 2 L2
. On

either side of the point P 3 are indexes P 5 P 6
at unequal distances

from the point P 3
, the distances depending upon the distance apart

of the edges of the scales S and T and the constant correction

before mentioned.

The apparatus, the several parts of which have been described,

mechanically solves the two formulas

„ R 4- C R + C , .H = — — cos. 2 // ( 1

)

2 2

and
R + C

sin. 2 ;/, (2)

in which H equals the horizontal distance from the center of in-

strument to the observed point. E equals the difference in eleva-

tion between the observed point and the station occupied. R
equals the length of the intercepted portion of the stadia-rod multi-

plied by the instrument ratio. C equals a correction depending

upon the instrument used to be added to R. n equals the observed

angle of elevation or depression.

The usually accepted formulas for reducing stadia observa-

tions are

R RH =: R cos.
2 n -\- C cos. n = (- — cos. 2 n -\- C cos. n (3)

for horizontal distances and
o

E = sin. 2 n -f- C sin. n (4)

for the difference in elevation.

The formulas 1 and 2 are obtained from 3 and 4 by making an

arbitrary change in both by adding the constant C to R and

neglecting the term "C cos. n" in formula 3 and "C sin. n" in

formula 4. The error introduced in the result by making this

change can safely be neglected in this kind of work. The follow-

ing table shows the amount of error made in horizontal and vertical

distances for every five degrees up to twenty-five degrees by using

formulas 1 and 2 instead of 3 and 4. The error made depends

33
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wholly upon the angle of inclination and the correction C and is

independent of the observed distance:

Data : R = 200.0 feet.

C = 1.25 feet.

Horizontal distance Elevation. Error Made.

a nj ed rt

A_L «
"o "i

Angle of inclina- "^ 3 3
*~ ~°§

tion. g c C n)

*
,0 <B

01 «
N ° C

^, ^^ ^ •n5 £ >S
CO cs 0S3

a S 3

1 2 3 4 5 6 7

s° 199-73
195.20
187.81

177-78
165.41

199.72
I95.I8

187.77

177.71

165.31

17-47

34-42
50.32

64.71

77-13

17 47
34-42
50.31

64.68

77.08

0.01 O.OO
io° 0.02 O.OO

15 0.04
0.07
0.10

O.OI
20° 0.03

0.0525°

(5)

(6)

To simplify the writing of the formulas 1 and 2, make
R + C = D. Then R will always stand for the observed distance,

as determined by the rod reading, and D the total distance from the

center of the instrument after the correction C has been added.

Formulas 1 and 2 will hereinafter be written when referred to in the

form

H = cos. 2 ;/

2 2

E = sin. 2 n.
2

There are three things to be proved in order to show that the

apparatus does mechanically and correctly solve the two formulas

5 and 6. First, that the point on the reading-line b, at which the

correct horizontal distance H must be read, is the perpendicular

projection on the reading-line b of the middle point of the versed

sine of the angle 2 n to the radius (R -f- C) = D; second, that the

reading-wire P2
is so adjusted to the slide P 4 and the indexes are

so placed on this slide that if the indexes are made to coincide with

the same division on the reading-line b' as that at which the read-

ing-line S or T is set on the reading-line K the wire will cut the

reading-line b at a point which is the perpendicular projection on

the reading-line b of the middle point of the versed sine of the

angle 2 n; third, that the unit divisions of the vertical reading-lines

S and T must be twice as long as those on the reading-lines b, b',

andK.
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First. In the diagram Fig. 5, K' R = D, K' F is also equal

to D, and the angle R K' F is equal to 2 n. The distance K' N
from K' to the intersection of the perpendicular reading-line S with

the line W is equal to D cos. 2 n, and therefore D— D cos. 2 n, or

D (1 — cos. 2 11) is equal to N F, which is the versed sine of the

angle 2 n to radius D. Now
D D _. (1 — cos. 211)

- cos. 2 n = D cos. 2n + D
,22 2

and since the first member of this equation is the expression for H,

we can write

„ _ IT-,'' 1 COS
"
2 ")H = D cos. 2H + D-

2

The second term of the second member of this equation is the cor-

rect expression for the versed sine N F for the angle 2 n to radius

D. Letting XF = V, the equation can be reduced to

VH = D ccs. 211+
,

2

which proves that the correct horizontal distance must be estimated

from the point K' to the middle of the versed sine N F = V.

Second. On the point K' as a center and with radius

R -\- C = D, R being the number on the reading-line K to which

the reading-line S is placed and C the distance from the point K' to

the zero-point of the reading-line K, describe the arc R F, intersect-

ing the line \Y at F. The line N 2 N 3 on the base-piece L' of the

vertical device L, on which the eyehole P' is located, is parallel to

the reading-line b and at a distance from it equal to that between

the reading-lines b and b' . Draw perpendiculars from the two ex-

tremities of the versed sine N F to the reading-line b', intersecting

it at the points m and m', also the line N 2 N 3 at e and e' ; also, from

the middle point of the versed sine N F draw a perpendicular to

the reading-line b, intersecting it at the point h. Now since the

distances e c' and 111 m! are equal and also equal to the versed sine

N F, and the lines N2 N\ b and b' are parallel, if a reading-wire be

drawn from e to m' it will bisect the projection of the versed sine

N F upon the reading-line b at the point h and indicate on the

reading-line b the correct horizontal distance. If the end of the

reading-wire at e be moved to the right and made to coincide with

the eyehole P' midway between the reading-lines S and T, and the

end at m' be moved to the left the same distance to the point P3
,

the wire will still pass through the point h and bisect the versed sine

distance N F as before. Make the end of the wire fast at P3 to

the slide P 4 and draw the wire through the eyehole P' and make it

fast to the spring in the tube P. On the slide place an index P5

to coincide with the number R' on the reading-line b' the same as
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that to which the reading-line S is placed on the reading-line K.

Call the distance between the reading-lines S and T d, then the

distance from P3 to m' is—, because this was the distance moved
2

to the left. The distance from R' to in' is C. Therefore the dis-

tance from P3
, at which to make the wire fast to the slide, is C.

2

Now move the vertical device L to the left until the reading-line T
coincides with the same number R on the reading-line K' to which

S was set. Then the eyehole P', with the wire, will have moved to

the left the distance d to the point e~ , and the point P3 must now be

moved in the opposite direction or to the right the same distance d

to the point c
A

in order to cause the reading-wire to pass through

the point h. The distance from the position of P 3 at c'
A to the

number R', at which the index should be placed, is

-(4-c)-'rd „ \ , d v, d

that is, the distance to the right of the fixed end of the wire at

which to place the index for the reading-line S is equal to half the

distance between the reading-lines S and T, minus the correction

C, and the distance to the left at which to fix the index for the

reading-line T is half the distance between S and T, plus the cor-

rection C.

It will be observed that for any given distance and angle of

inclination the reduced horizontal distance should be the same for

either reading-line S or T, so that the reading-wire ought to indi-

cate the same horizontal distance on the reading-line b in either

position of the vertical device L.

Third. The expression for the correct elevation to be read

from the reading-lines S and T is

E = sin. 2 n;
2

but we see from the diagram that the distance N R, expressed in

units of D, is equal to D sin. 2 n—a result twice too large. If the

units of distance on the reading-lines S and T are made twice as

long as those on the reading-lines l\ //, and K, the numerical ex-

pression for the elevations will always be correctly given.

It remains to be proved that the elevations of the observed

point above an assumed base can be obtained at once from the

apparatus.

The scales S and T can be adjusted so that any tenth division

of the first unit division of either may be made to coincide with the

line W. The belt-ribbons S' and T' can be turned until any desired

number is brought opposite the first graduation mark on the scales
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S or T, respectively. The numbers on the ribbon S', which is used

for angles of elevation, read up, and those on the ribbon T', which

is used for the angles of depression, read in the opposite direction.

The scale S and belt-ribbon S' and the scale T and belt-ribbon T'

can therefore be set so that the reading of the scales S and T, re-

spectively, at the point formed by the intersection of the line W
with the reading-line S or T will be the same as the elevation of the

station occupied. It has already been shown that the distance from

the line W to the point where the reading-line K cuts the reading-

line S or T is the correct difference in elevation between the station

occupied and the observed point.

As the numbers on the belt-ribbon S' or T are consecutive, it is

evident that for any given angle the reading on the scale S at the

intersection with the line K will be equal to the elevation of the

station occupied plus the difference of elevation, and the reading

on the scale T at the intersection with the line K will be equal to

the elevation of the station occupied minus the difference of eleva-

tion.

The operations of the apparatus will be explained by means of

a practical example. Suppose the observed angle of elevation or

depression to be eighteen degrees twenty-six minutes and the rod

reading to indicate a distance of forty-five feet. Set the vernier

K2
, Fig. 1, on the arc M so that the reading will be eighteen

degrees twenty-six minutes. Then the real angle between the

reading-line K and the line W will be thirty-six degrees fifty-two

minutes or 2 n, as required. Suppose the elevation of the station

occupied to be 1444.4 ^eet above base. Now to adjust the scale S

for this elevation make the ".4" graduation of the first unit interval

on scale S, reading up, coincide with the line W. Move the belt-

ribbon S' by means of the finger-wheel S3 until the number "144."

is opposite the first graduation-mark of scale S, as shown on Fig. 5,

and the scale S is numbered for angles of elevation for this par-

ticular station.

The adjustment of the scale T for angles of depression is the

same as that for scale S, only, as the numbering on the belt-ribbon

T' is in an opposite direction to that on the belt-ribbon S', the .4

graduation of the lower unit interval of the scale T, reading down,

would be placed on the line W. To number the scale, the finger-

wheel T3 would be turned until the number "144" coincided with

the first unit graduation above the line W. Thus adjusted, both

scales would indicate the same elevation of the line W when read

in their respective directions. Move the vertical device L until

the reading-line S coincides with the reading-line K at the
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number "45," which is the observed distance, and the correct eleva-

tion of the observed point above the assumed base can be correctly

read, which, as shown by Fig. 5, is 158.2. To obtain the horizontal

distance, the slide L' is moved until the index P 5
, Fig. 5, coincides

on the reading-line b' with the number "45," and the reading-wire

will cut the reading-line b at h, indicating the reading 41.41, which

is the correct horizontal distance.

If the angle is one of depression, the vertical device L is moved
until the reading-line T coincides with the number "45" on the

reading-line K, and the correct elevation of the point is read from

scale T, which would be 130.6. (See Fig. 5.) To obtain the hori-

zontal distance, the slide L' is moved until the index P G
, Fig. 5,

coincides on the reading-line b' with the number "45," and the

reading-wire will cut the reading-line b at h, indicating the reading

41.41, the same as when scale S was used.

MONUMENTS.

Although the ordinates of all corners and angles are noted on

the plans, it is necessary to have permanent points located at con-

venient intervals from which any desired line may be easily laid

down. For this purpose it has been necessary to place on the

average about two monuments to a 1000-foot section in the

ground. These monuments are so placed that they bear a definite

relation to one or more street lines. They have been placed in

most cases upon an offset line usually four feet from a street line,

although it has sometimes been found convenient to place them on

the range of a street line. These monuments are set in concrete.

Two styles have been used.

Those shown in Fig. 6 are wholly below the surface of the

ground. Set in concrete for five feet of their length, the top being

surrounded by a brick dome, on which is set an iron rim with a

movable cover.

The style of setting shown in Fig. 7 consists of a stone eight

inches square and five feet long, four feet of which is imbedded in

cement, the tops being flush with the surface, raid centered with

a small drill hole.

The ordinates of each monument, together with its location,

are given upon the plans.

From 1891 to July, 1895, this survey was carried on under the

direction of the Board of Survey, composed of three members.

By an act of the Legislature the work was transferred to the Board

of Street Commissioners and the Board of Survey abolished. This

act took effect July 1, 1895. Before the lines laid down upon any
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territory can become valid, a public hearing upon the plans to be

filed must be given, after two weeks' notice by advertisement in at

least two daily papers. These notices to appear twice each week,

the last notice to be given at least two days before such hearing.

No plans shall be filed until sixty days have expired after the

public hearing. When the plans are filed they shall bear the sig-

natures of the Street Commissioners and the Mayor. When re-

ceived by the City Engineer, his signature as custodian is affixed,

together with the hour and date on which they came into his cus-

tody.

Surface of ground

Ho •-*•
-i- :•* :•''••

Surface, of ground

4'-o"

4.00

Fig. 6 Fig. 7.

After filing, no plans shall be altered without a public hearing

and procedure as though no plan had been filed.

When, in the opinion of the commission, public convenience

requires the laying out of any streets shown on the plans, the

board may proceed in the usual way and order the laying out and

construction of such streets, and assess the total cost upon such

land as lies within 125 feet of the street, provided the street does

not exceed 50 feet in width.

Payment may be made at once or in ten annual instalments,

with interest at 4^ per cent., at the option of each owner.

When the street laid out is more than 50 feet in width there
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shall be deducted so much of the expenses of laying out, locating

anew, altering, or widening or constructing the highway, as said

board, with the approval of the Mayor, shall determine that the

public should assume and pay, and the remainder of said cost shall

be the assessable cost of the work done under the order.

The order for construction includes all work to be done for

the full completion of the street, including grading, surfacing and

sidewalks, gas, water and sewer pipes, with provisions for house

connections.

The gas, water and sewer pipes are not included in the assess-

able cost.

That real estate may not suffer for want of development dur-

ing the progress of the work, the Board of Street Commissioners

have the power to issue permits to owners of property to open new
streets into public thoroughfares, if submitted plans, showing loca-

tions and grades, meet with its approval, these streets, later on,

becoming a part of the new system.

The irresponsible method in vogue previous to 1891 is thus

completely done away with.

The law of 1891 was radically different from any law which

had ever been in operation in Massachusetts.

It had not been the custom in this State to condemn private

land for streets which might not be built for years, for which no

payment might be demanded.

Real estate dealers feared that their business would be at a

standstill until the work of the board was completed; that no one

would dare to buy or build until the plans were complete and the

new lines known. These fears have not been realized. But there

are questions which are still being asked which are of interest to

every real estate owner:

Is a law constitutional which takes a right from the individual

without allowing a claim for compensation therefor?

Does the filing of plans defining a future system of streets

constitute an incumbrance upon property?

The city claims that both of these questions were virtually

answered by the Supreme Court in 1896, when they gave their

decision in the case of Daniell vs. Shaw.

This was a case where Daniell conveyed a parcel of land to

Shaw which he described as free from all incumbrances. Upon
examination Shaw found that the plans filed contemplated a widen-

ing of the street, for which a strip of the proposed purchase would

be required, and thereupon refused to consummate the agreement,

whereupon Daniell brought suit against Shaw to compel him to
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take the land, claiming that the law under which the line was laid

down was unconstitutional.

The city, although not a direct party to the action, was

allowed to file a brief, claiming that in laying down the line it

exercised its rights of restriction under what may be termed its

police powers, and that this restriction was of the same nature as

those in the building laws, and as to the brick limits, the height of

structures and the uses to which buildings shall be put.

The city law department held from the very first, and does

now, that an owner can recover for damages to a building placed

within the street lines as laid out under this act, and could use his

land as before, except that he could not recover for grade damages

when the proper grades had been determined and established and

he had disregarded them.

The plaintiff conceded that the title was not good if the law

was constitutional. The opinion of the court was very brief, viz—
"The defendant ought not to be compelled to accept such a title."

In the report of the case (166 Massachusetts, page 582) the line

referred to is stated to be an incumbrance within the meaning of a

written agreement.

While the court did not pass directly upon the constitutionality

of the act, the inference may be drawn that as the plaintiff relied

upon the constitutionality to make his title good, and the court

decided that the defendant was not obliged to take such a title, that

the restriction was legally put upon the land; and the court did not

declare the act constitutional in so many words, because it was so

clearly implied by the decision dismissing the plaintiff's bill.

While it may be argued that a man cannot be compelled to

buy a lawsuit, and if there was any doubt about the title, he should

not be compelled to receive it, with a risk of a contest later; the

unconstitutionality of the act was the very point on which the

plaintiff relied for an order from the court declaring his title good.

Although the proposed lines constitute restrictions upon prop-

erty, the incumbrance is a decided public benefit, and, in most

cases, a private one as well.

It is a great advantage to the owner to know, when he con-

structs a street through his estate, that his neighbors will develop

their property upon the same lines, while pursuing the old method

he had no surety that his street would ever lead to another

thoroughfare or be anything but a dead end place.

These lines may leave small or irregular-shaped pieces of

ownership, but with a comprehensive system as a future possibility

new estate lines are likely to be made by purchase or exchange
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before there becomes a demand for the construction of the new

avenues and the subdivision into smaller city lots.

Purchasers of homes have also the means of forecasting the

character of their vicinage, and will be more ready to locate in the

remote and less settled sections than formerly.

Manufactories are more likely to seek locations where the

street development promises to afford certain conveniences.

It may safely be asserted that the benefits to accrue from a wise

and far-seeing policy in laying out this street system are so numer-

ous that the disadvantages will become insignificant, and even-

tually will disappear altogether.
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THE PORTLAND CEMENT INDUSTRY OF THE WORLD.

By Bernard L. Green, Member of the Civil Engineers' Club of

Cleveland.

[Read before the Club, May 10, 1898.*]

The technical literature on the subject of cement has grown
to such enormous proportions in recent years that the writer feels

no little hesitation in venturing an addition. But, while some of

the matter here presented may be familiar to many, much of it is

the result of personal investigation and study, and it is hoped that

the paper as a whole may contain a morsel or two of valuable

matter for all.

It is interesting to note that probably the first man to deter-

mine the great principle of hydraulic cements was Smeaton, and in

connection with the foundation of the very lighthouse that has

made his name famous the world over. His experiments in the

search for materials for a satisfactory hydraulic lime taught him

that the acquisition of hardness under water does not depend upon

the hardness of the stone from which the lime is made (a theory

that had previously been generally believed from the time of Vitru-

vius), but in burning and falling down to a powder of a buff-colored

tinge, and in containing a considerable quantity of clay. These

experiments, though made in 1756, were not published until 1791

in his "Narrative of the Building, etc., of the Eddystone Light-

house." In this same year Dr. Parker's accidental discovery of

the hydraulic properties of the septaria on the Island of Sheppey

started an immense business in the manufacture of natural cements.

So great did the demand for them become that grave fears were

entertained of the early exhaustion of supply, and consequently the

search was eager for a process of making cement artificially.

Prominent in the study of the problem were Pasley, in England,

and Vicat, in France, and the latter in 1818 published a method for

making hydraulic lime from clay and lime. In 1822 Frost took

out a patent in England for the making of hydraulic lime by the

method of Vicat, and the plant he established at Swanscombe, on

the Thames, has developed into that of Messrs. White Bros.

Among the many searching for an artificial method of cement

manufacture was Toseph Aspdin, a bricklayer of Leeds, who, in

1824, having discovered a manner of combining certain ingredients

to form a cement fairly hydraulic, adopted the custom of others

*Manuscript received May 21, 1898.—Secretary, Ass'n of Eng. Socs.
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who sold various kinds of cements to give them distinctive names
or brands. He chose to call his product "Portland Cement" in con-

sequence of its fancied resemblance in point of color and texture to

the oolitic limestone of the Island of Portland, well known and
in great favor in England as a building stone.

Aspdin's specification, No. 5022, is dated October 21, 1824,

and is for "An Improvement in the Modes of Producing an Artifi-

cial Stone," which invention he thus describes: "My method of

making a cement or artificial stone for stuccoing buildings, water

works, cisterns, or any other purpose to which it may be applicable

(and which I call Portland cement) is as follows : I take a specific

quantity of limestone such as that generally used for making or

repairing roads, after it is reduced to a puddle or powder, or the

limestone, as the case may be, to be calcined. I then take a specific

quantity of argillaceous earth or clay, and mix them with water to

a state approaching impalpability, either by manual labor or

machinery. After this proceeding I put the above mixture into a

slip pan for evaporation, either by the heat of the sun or by sub-

mitting it to the action of fire or steam conveyed in flues or pipes

under or near the pan, until the water is entirely evaporated. Then
I break the said mixture into suitable lumps, and calcine them in a

furnace similar to a lime kiln till the carbonic acid is entirely ex-

pelled. The mixture so calcined is to be ground, beat, or rolled to

a fine powder, and is then in a fit state for making cement or arti-

ficial stone. This powder is to be mixed with a sufficient quantity

of water to bring it into the consistency of mortar, and thus applied

to the purposes wanted."

Portland cement is produced from the intimate mixture of

lime and clay, burned to a point just short of vitrifaction and

ground to a fine powder. It is thus essentially an' artificial product

and clearly distinguishable from the natural cements. It can be

made from any materials having the various necessary ingredients

in the proper proportions, and these proportions may vary between

narrow limits, depending somewhat on the method of manufacture.

Scientists have now proved almost conclusively just what chemical

combinations and reactions take place upon the calcining of the

raw materials, and also when the resulting cement is mixed with

water and allowed to set. So there is nothing in the fundamental

principles of Portland cement making in which one manufacturer

can claim superiority over his rivals; no secret processes, no pat-

ented methods; and his only chances to win the race of keen com-

petition lie in natural advantages of raw material, location of plant,

cost of fuel, choice of mechanical appliances and price of labor.
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These are the main points of comparison between different coun-

tries and different factories, and naturally form the chief objects of

interest in such a comparative study.

ENGLAND.

Proceeding now to the consideration of the past and present

state of the industry in each of the cement-producing countries in

its turn, England will naturally have first place.

The period between 1824 and 1850 forms the dark ages of the

industry, and little is known of its history during that time. At

the latter date there were but four factories making Portland

cement, and the process was still crude and the product of uneven

and unreliable quality. Indeed, the new industry was so little

known that Pasley, who for long years continued researches similar

to those of Yicat, is said never to have heard, before the Exposition

of 1 85 1, of the substitute for Roman cements, although he lived at

Chatham, near the Portland works of Aspdin's son. Competition

and tests made by interested parties, soon increased the general

confidence in the material, other factories sprang into existence and

the product increased rapidly and steadily. In 1874 we find an

estimate of the exports from England for that year placed at 1,350,-

000 barrels, and exports increased steadily to 3,500,000 barrels in

1890.

The Portland cement factories of England may be divided into

two general classes, based on the materials used. The first is

closely confined to the lower Thames and the Medway, an adjoin-

ing estuary, and the materials used are chalk, found in abundance

in the rolling country bordering these streams, and an unctuous

blue clay, commonly called Gault clay, largely obtained from the

beds of the streams by dredging. Fully 80 per cent, of all the

English Portlands are produced from this district, and practically

all the exports to America are from them. The chalk formation

is quite uniform at all points. It begins but a short distance below

the surface with a layer of almost pure calcium carbonate con-

taining large quantities of flints. Just below comes a smoother,

darker-colored chalk containing a considerable proportion of clay.

A third layer contains still more clay, but on account of its depth

and tendency to impurity it is not often used in cement making.

Below all occurs the Gault clay, but, as stated above, this material

is generally obtained by the cheaper process of dredging the

streams. Both the first two layers of chalk are used, some makers

preferring one and some the other. The following group of
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analyses of the materials, the raw mix and the resulting cement, is

fairly representative of the cements of this district:

GREY CHALK. DRIED CLAY.

Sand and clay, 485 Sand, 28.42

Combined silica, 0.78 Combined silica, 30.32

Alumina and oxide of iron, 0.53 Alumina, £5-49

Lime (CaCOa)- 73-84 Oxide of iron, 7-74

Magnesia (MgCOs), 0.66 Lime (CaO), 2.04

Alkalies, organic matter and Magnesia (MgO), 1.96

loss, i-95 Sulphuric acid, 1.96

Moisture, 17-39 Water and loss, 12.07

DRIED SLURRY. CEMENT.

Sand and clay, 12.68 Silica, 2068

Soluble silica, 3-23 Alumina, 9-50

Alumina, 2.51 Oxide of iron, 4.06

Oxide of iron, 0.40 Lime, 61.96

Lime (CaCOs), 75-32 Magnesia, 1.07

Lime (CaO), i-3i Sulphuric acid, 1.04

Magnesia, 0.41 Water and carbonic acid, 0.46

Water and loss, 4.14 Insoluble residue, 0.82

Alkalies and loss, 0.41

The old original process, or "back" process, is still largely in

use in the Thames district, although many manufacturers are

changing to cheaper and more rapid methods. The former

method seems to produce the best cement still, and is much favored

by many engineers in England; but the greater time consumed and

the higher cost of handling are rapidly making its use prohibitory

in competition. It consists of mixing and grinding the chalk and

clay together in sludge mills with 120 to 140 per cent, of water and

floating off the finely divided particles over weirs to settling backs.

When a back is filled the mixture is allowed to settle and the clear

water is drawn off over weirs as far as possible, the sun then drying

the mass to the consistency of warm butter. (This method of

drying often takes a month.) It is then spread on drying floors

where, either by separate coke fires or by waste heat from the kilns,

it is evaporated to dryness.

The new method, coming more and more into use and known
as the semi-wet or Goreham process, consists of mixing with only

30 to 40 per cent, of water in similar sludge mills, followed by grind-

ing to a creamy texture between mill stones. The mixture is then

pumped directly to drying floors connected with the kilns, where

the waste heat dries the mass in about 18 to 20 hours. It is evident

that the latter process must be much the cheaper, saving about a

month of time between raw materials and finished cement, besides
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the great area required for the backs; but the most complete

mechanical grinding together of the raw materials seems to be in-

ferior in results to the old process of mixing by water.

The second general division of English factories before men-

tioned, and comprising all those plants not of the Medway-Thames
district, may be represented by the works upon the river Tyne,

although there are several factories in other parts of England.

The materials are totally different, being a hard, compact, shaly

limestone, called blue lias, rich in clay. The methods consequently

differ considerably in the preparation of the raw materials, requir-

ing either dry grinding or calcination of the lime rock before finally

mixing with the clay. These cements are not generally so highly

favored among engineers as those of the Medway-Thames district,

being liable to lack of uniformity, owing to the great variability in

the lime rock, and frequent trouble with blowing or swelling. The
writer was shown a briquette of such cement, having an original

length of 7^ inches, which, alter the boiling test, had swelled to 8

inches. This, of course, was an extreme case.

The Johnson kiln is quite generally used in England, it having

now almost entirely replaced the older and simpler kilns built after

the pattern of the lime kiln. The Johnson kiln is of similar shape,

but includes large drying floors behind the shaft, below and above

which the hot gases pass to the chimney and thus dry the next

charge of slurry placed thereon. Gas coke is quite generally used,

and it requires from 700 to 900 pounds of coke to dry and burn a

ton of clinker, costing about $1.00 per ton of clinker; or about 1200

to 1400 pounds 01 fuel to produce one ton of finished cement,

including power for mixing slurry and grinding clinker.

Although many forms of grinders have been tried, the prefer-

ence among manufacturers seems to be generally for the ordinary

French burr millstones. Notwithstanding the greater power re-

quired, the product is said to be found so much better and more

uniform as to pay. The power required to grind by three common
methods is as follows:

Millstones, 30 to 32 H. P. hours per ton.

Ball Mills, 16 to 18 H. P. hours per ton.

Edge Runner Mills, 12 to 14 H. P. hours per ton.

All English cements are carefully inspected before use, to see

that they are "cool," and if there is the slightest tendency to failure

under tests for constancy of volume, they are spread out on ware-

house floors to aerate or be "purged" before they may be used.

This is a point which should be emphasized. The danger in using

recently ground cement is not generally recognized in this country
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and many consumers still specify that their Portland cement shall

be "freshly ground." The danger is two-fold, since a highly limed

cement is much more likely to blow when fresh than after it has

somewhat seasoned, and no cement, whether highly limed or not,

should be used until the heat produced in grinding has had time to

subside. While the English cements seem to require somewhat
more attention in this direction than those of other countries, still

if this point were more carefully watched in the United States

better results would be obtained, and many American cements,

which some engineers now believe somewhat treacherous on this

score, would be accepted with more alacrity upon works.

It is only very recently that the English manufacturers have

begun to take steps toward the improvement of quality of their

product. In the past they have been satisfied with the same

methods and the same products obtained for years, and English

consumers have not asked for any improvement. They have been

satisfied with low tensile strength, light burning and coarse grind-

ing. In fact, up to within five years a residue of 20 per cent, on a

2500 mesh sieve was not considered objectionable, and on the Man-
chester Ship Canal, where large quantities of cement were used,

the specifications required not over 10 per cent, residue on a 2000

mesh sieve, and a minimum tensile stress, at 7 days, of only 310

pounds per square inch on a 1^ x i|-inch section. But lately

more care is taken in the little details that mean so much in close

competition. The best English Portlands to-day stand very well

with other standard brands of the world, and the English product

is steadily improving, though among some of the manufacturers

there is still room for further progress.

In 1895 the estimated production in England was 8,300,000

barrels per annum, or about 26 per cent, of the total European pro-

duction. Its cost in the open market during the past year was

about $1.40 per barrel, though on large contracts it was obtained

for $1.25.

The following comparative table of actual costs per ton of

finished cement may be interesting. No. I is said to give the

actual cost from the books of a firm in the Medway-Thames dis-

trict, and No. II an analysis of the costs in the Tyne district. As

will be seen, though cost of fuel is considerably less, cost of mate-

rials is higher. In II., under the head of Depreciation, is in-

cluded an item of bad debts that helps to swell the total, and the

office expenses and cost of management are considerably higher.

It has been authoritatively stated that in a thoroughly well-

regulated plant in the Medway-Thames district cement could be

produced at a total cost of only $4.08 per ton:
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Cost per ton of finished cement.

I. II.

$ -786 $ -9"
2.780 I.34I

1-544 1.727
.176 .518

.419 .648

.277 .263

.019 .016

.120 •634

Raw material
Fuel
Wages
Rates, Taxes and Office charges
Repairs (including material and wages
Stores (oil, firebrick, etc.)

Insurance
Depreciation of plant and Interest

Total, $6,058

The largest manufacturers are Messrs. Hilton, Anderson,

Brooks & Co., at Grays, Essex, being a combination of the firms of

Hilton, Anderson & Co., and Brooks, Shoobridge & Co. This

firm turns out about 800,000 barrels annually. Among other firms

producing large quantities may be mentioned the Francis Works,

at Cliffe, in Kent; White Bros., the Burham Co., and Robins & Co.

For the past two years there has been considerable agitation

over the adulteration of cements by some makers. A favorite

adulterant is a hard limestone known as Kentish Rag, containing

about 92 per cent, pure calcium carbonate, and some of the makers

using it claimed it to be beneficial. After exhaustive studies by

experts, however, no beneficial results have been found, and steps

have been taken among manufacturers for their protection against

those who practice the adulteration.

FRANCE.

There is considerable rivalry between the English and French

for the credit of the discovery of Portland cement, and not without

reason, for Vicat, who made the subject a life study up to the time

of his death in 1861, published the description of a method for

making an artificial hydraulic material which must have been quite

as good as Aspdin's; but he called it "hydraulic lime," and thus

seems to have been ruled out. But it was not for many years that

the manufacture of this material was undertaken on any large com-

mercial scale. The works of the Gate of France were started in

1842, the result of a discovery, near Grenoble, of a natural cement

rock. These works later began the use of an artificial mixture to

increase the time of set. The sons of Vicat established works in

1857; and about 1859 Demarle, who had been making natural

cement near Boulogne for some fourteen years, was successful in

copying the English cements, was the first of several manu-

facturers to impress French engineers with the excellent qualities of

their domestic product. About 1870 French cements began to

34
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steadily displace English brands in the French market until, in

1885, when the manufacture came under the direction of the Gov-

ernment, foreign brands were almost entirely displaced.

The Government control over the industry mentioned above is

worthy of note. It is a law that Government inspectors shall have

access to works at any time, and have power to order corrections

in the mixtures, or changes in the details of manufacture, if they

see fit. The manufacturers thus have less chance for competition

and the exercise of individual methods, and the system might be

expected to militate against healthy progress in the quality of

product. Such does not seem to be the case, however, if one may
judge from published reports of results of tests upon several of the

most largely used brands.

The materials mostly in use are marl and clay, or chalk and

clay. The methods of manufacture are much the same as those in

England, but more care is taken as to regularity of mixture, burn-

ing and grinding.

Although the total output in 1880 was only about 750,000 bar-

rels, it is at present nearly 3,000,000 barrels. The principal fac-

tories are at Boulogne sur Mer, the entire plant of the association

forming probably the largest company in the world, with the enor-

mous annual output of 2,200,000 barrels, 73 per cent, of the entire

production in France. In the department of the Isere there are a

few important works producing 9 per cent, of the total French out-

put. Other factories, in the departments of the Yonne, the mouth
of the Rhone, the Seine and Oise and the Lower Charente, make
up the remaining 18 per cent. Concerning price, there are two

qualities quoted upon: the first being made from clinker carefully

selected by the inspectors for its density and perfect calcination,

and the second that ground from the remaining clinker as it comes

from the kilns, first, however, having picked out any seriously

underburnt material. The first quality varies in price from $1.00

to $1.25 per barrel at the works, and the second quality between

65 cents and $1.00.

France exports considerable quantities of cement every year,

the greater amount going to Switzerland and the countries border-

ing on the Mediterranean. The total quantities exported have not

varied much since 1890, being in 1891 about 1,065,000 barrels, and

in 1894 1,087,000 barrels. In 1896 it was 1,139,000 barrels, or 39
per cent, of the total amount manufactured. Imports have been

very small, the greatest amount coming from Belgium and used as

a cheap grade, though a certain quantity is also imported from

England. The quantities imported, moreover, have steadily de-

creased from 153,000 barrels in 1891 to 83,000 barrels in 1896.
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GERMANY.

The first step toward the manufacture of Portland cement in

Germany was taken in 1852, when Dr. Hermann Bleibtreu, of

Bonn, erected an experimental station at Ziillchow, near Stettin, on

the Oder. The experiments led in 1855 to the establishment of a

Portland cement plant in that place, the product of which so rap-

idly found favor that an annual production of 30,000 barrels was

easily disposed of. Other factories soon began operations in

various parts of the country: the Mannheimer in 1861 and those of

Liineburg, Amoneburg, etc., in rapid succession. The methods

were at first directly copied from the English, whose product had

previously held the highest reputation in Germany; but it was soon

found that the various classes of materials used in different locali-

ties would not at all adapt themselves to these methods. German
patience and careful study prevailed, however; new and more ap-

propriate methods were devised by the experts employed by the

various makers; and the result has been most gratifying. Not only

has the quality become equal to that of English cements, but it has

often considerably surpassed it. By 1877, at which date there were

some 30 factories, with an aggregate annual output of 2,500,000

barrels, the peculiarities of the various materials in use in different

localities were pretty well understood and the methods perfected.

It was in this year (1877) that the "Association of German
Portland Cement Manufacturers," although not known by that

name until some ten years later, was founded; and this organization

of makers, for their mutual protection and for combined research

and experiment, had a very strong influence in bringing the indus-

try in Germany to the position it holds to-day as the best developed

in the world.

Three general classes or districts among German factories,

based upon the character of the raw materials, are quite distinct.

First, those of North Germany, bordering the North and Baltic

Seas, where the materials are mostly chalk and clay, very much like

the materials of the Thames and Medway districts of England.

The wet or back process is quite commonly found here. It was

copied from the English method and, proving adequate, was never

changed. Among the principal factories in this district may be

named the Alsen, Lagerdorfer and Hemmoor, on the Elbe, having

a combined annual output of some 2,000,000 barrels, of which the

Alsen works produce about one-half; and the six works at Stettin,

on the Oder, having a total annual production of 1,000,000 barrels.

The second division comprises those factories using marl and

clay as raw materials. These lie generally in the south central part
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of the empire and include such works as those at Hanover, Heyer

Bros, at Liineburg, and the Germania works at Misburg. In this

division appears the greatest difference in manner of preparation of

materials. At Hanover dry grinding is used, the raw materials

being carefully dried at the outset. It will be interesting to note

that the Cummer Dryer, built in this city, is used at the Hanover

works for this purpose. Only enough water to mould bricks for

burning (5 to 7 per cent.) is added after grinding. The marl

deposit at Hanover is remarkable for its depth of over 40 feet,

underlaid by the clay. At Liineburg, although the same materials

are used, the wet process is in use.

The third division covers those factories obtaining their lime

from limestone rock of greater or less hardness. Three repre-

sentative factories of this class are those of Messrs. Dyckerhoff &
Sons, at Amoneburg-on-the-Rhine, and the Mannheimer works at

Mannheim and Wiesenau. The Amoneburg and Mannheim
works are among the oldest in the empire, the latter antedating

the former by a few years, and are of interest as being probably the

first to discard the English methods as not adapted to their raw

materials, and successfully adopt methods resulting from careful

study of the peculiar needs and conditions of the respective mate-

rials.

While the wet or back process is in use in some of the mills of

the second division, the semi-wet and absolutely dry processes are

most frequently found. Among the mills using limestone dry pro-

cesses are almost altogether used, though some grind the clay wet

and mix the wet clay with the dry lime to form a paste of a con-

sistency to work well in the brick machines later on. The Dycker-

hoffs employ an interesting combination of the dry and wet pro-

cesses. Two quite different materials furnish the lime ingredients

required, one a rich limestone rock, quite hard, and the other an

argillaceous chalky lime, containing nearly enough clay in its

natural state. The clay is a bluish-brown, fat clay, obtained from

the low-lying river lands near Frankfurt. It is dried in special

furnaces before mixing. By one process the hard limestone and

the clay, in proper proportion, are run through Blake crushers and

then ground to powder on French burr stones. The clayey chalk

is corrected with clay to the proper proportions and put through a

wash mill with an excess of water. The resulting creamy mixture

is ground between burr stones and then pumped to settling tanks

like the old English "backs." When, by evaporation and settle-

ment, the material has become thick enough to be handled with

scoops, it is taken to a mixing mill, where enough of the dry
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ground mixture is added to make a stiff dough suitable for the

brick machines quite generally used in Germany for preparing the

slurry for final drying and burning.

As to the other steps in the process of manufacture, it is evi-

dent that the Germans have studied the matter carefully and solved

the problems in each case to suit the conditions. Thus, for burn-

ing, while the old intermittent Johnson kilns are found in some

plants, the more economical and continuous Dietsch and Hoffman
kilns are very much used. And again, while the English in general

find the French burr millstones the most satisfactory, many Ger-

man factories are using various kinds of ball mills, tube mills and

the Griffin mills.

The Germans are probably the most advanced of any nation

in the realization of the great variety of uses to which cement lends

itself. While the English use it for strictly structural work in con-

crete foundations, breakwater works, etc., and the French have

adopted it at times for more ornamental work, Germany constantly

uses it in the most diverse ways. One finds it forming a wearing

surface for pavements, the cornices and other ornamental work of

buildings,—sometimes for the entire walls,—for curbing, sidewalks,

heavy balustrades and even for statuary. Perhaps some will, in

this connection, recall the beauty of the colossal statue of Columbus

at the Chicago Exposition in 1893. It stood at the entrance to

Machinery Hall and was a monolith of the Alsen Portland cement.

There are at the present time some sixty different factories of

Portland cement in Germany, with a total annual output of 13,500,-

000 barrels, over 40 per cent, of the entire production in Europe.

The exports now amount to about 3,000,000 barrels each year, of

which over one-third comes to the United States.

Prices of cement in Germany are very low. The Stettin facto-

ries are said to be manufacturing at a net cost of about 77 cents per

barrel, not including cost of barrel. The average price in the open

market appears to be about $1.25 per barrel. A pool of the manu-

facturers of Germany considerably limits the brands of cement that

may be offered for use in any one locality. The question to Ger-

man engineers as to which brand of cement they consider the best

is always answered, "We are allowed no preference; such a brand

(naming, perhaps, the factory nearest to hand) is the only one we

ever use." Indeed, competition is so fierce that some such protec-

tion seems almost necessary; and since the careful Government

supervision and the organization of the manufacturers themselves

keep the quality to a high standard, and the price within bounds,

this pooling for sales seems harmless.
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BELGIUM.

The Portland cement industry is said to have been carried into

Belgium from England by a son-in-law of Aspdin, although a

recent Consular report states that it was first carried on in 1872 by

Messrs. Duffossez & Henry, of Cronfestu. Its history in that coun-

try is, however, obscure and probably of little interest. Belgium is

pre-eminently the home of the "Natural Portland Cement." The
makers of this material and of the artificial or true Portland have

each their organizations, but the two organizations have nothing in

common.
The natural Portlands were first made in 1882, and the prin-

cipal works at present are at Tournai, Chercg, Calonne, Antoing,

Vaulx, Gaurany and Ghent. A syndicate has been formed of

nearly all these factories, under the name of the "Mutualite Com-
merciale des Ciments Beiges," with headquarters at Tournai. This

combine forms the syndicate selling the "hammer brands," and its

output amounts to about 1,200,000 barrels annually. The mate-

rials used for these natural Portlands are quite generally an argil-

laceous limestone of a very fine, close grain and of a peculiar pasty

appearance. Its average analysis is as follows:

Silicic acid 1 5.75

Oxide of iron 1.00

Alumina 3.95

Lime 43. 10

Magnesia 0.49

Sulphuric acid 0.50

Loss in firing 35-21

This rock is frequently analyzed and corrected or "dosed"

with clay to keep the product of the proper quality, but the greatest

care and frequency of analyses could hardly be expected to produce

cement of so uniform quality as that made from a truly artificial

mixture, unless the natural rock were particularly excellent for

uniformity and purity. Beyond this difference in the raw mate-

rials, the methods of manufacture do not differ materially from

those of makers of artificial Portland.

The artificial Portland is now made by several firms, among
which may be mentioned those of Dumon & Co., Tournai; Duf-

fossez & Henry, Cronfestu; Societe Anonym de Niel on Ruppel,

and North's Works at Beerse. The last two are probably the most

extensive works, and the last particularly is a very interesting plant,

having been but recently designed and built with special regard to

the best and most economical machinery and methods. The wet
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or "back" process is used, the backs being equipped with the Cum-
mer Dryer, for use in winter. The Dietsch kilns are used and all

the best labor-saving mechanical devices employed throughout the

mill to secure uniformity of product and economy of labor. This

plant turns out about 400,000 barrels per annum and ships about

one-fourth of its output to the United States.

The total output of Portland cement, both natural and artifi-

cial, is estimated to be about 2,250,000 barrels per annum, and of

this amount probably about two-thirds is exported to Holland,

France, Switzerland, America, and even to England and Germany
to some extent. Its cost in the Belgian market varies between

$1.00 and $1.25 per barrel for the artificial Portlands, and from

65 to 70 cents per barrel for the natural Portlands.

While most, if not all, of the artificial Portlands of Belgium are

of good quality and will rank with those of other countries, Belgian

cement in general holds but a second place in the estimation of

engineers. The large quantities exported to other countries find

a market chiefly on account of low price, and they are frequently

excluded when work requiring a high class of cement is to

be undertaken. Thus Holland, with no cement factories of its

own. imports large quantities from Germany, England and Bel-

gium; but the engineers generally rank the latter cements as good

for use only under conditions similar to those in our own country

under which our engineers use the cheaper but less uniform natural

cements. There is in Holland a difference in price of about 25

cents per barrel between Belgian and German Portlands, the better

quality of the former costing about $1.23 per barrel, while the latter

sells for $1.50.

AUSTRIA-HUNGARY. »

Statistics from Austria-Hungary are somewhat confounded.

In Austria there are some eleven factories forming an association

similar to that of Germany, and the quality of their products is

good. The aggregate annual output from these is about 1,000,000

barrels. Information concerning other factories, not represented

in the association, has not been obtained. Austria ships a con-

siderable amount of cement to Hungary and to other countries and

provinces in Eastern Europe. The Association of Manufacturers

was organized about the same time as that of Germany, and the

researches and steps taken for the improvement of the product have

been along much the same lines.

Hungary has about a dozen factories, but their annual output

is not published. Small quantities are imported from Germany, as
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well as some 100,000 barrels annually from Austria. Domestic

cement costs about $1.30 per barrel and imported about $2.00.

RUSSIA.

Portland cement was made as early as 1857 in Russia, but did

not receive careful attention nor attain reputation till about 1888,

and up to that time large quantities were imported from Germany.

By 1890, however, there were eight factories in existence, producing

900,000 barrels per year, and the German imports dwindled to very

low figures. At the present time there are fourteen factories and

the annual output is estimated at over 2,000,000 barrels, practically

all consumed within the country.

SCANDINAVIA.

The Scandinavian states have a few very good Portland fac-

tories. In Denmark the largest and best equipped plant is at

Aalbourg, on an arm of the sea running up into the Province of

Jutland. The materials used are chalk and clay. Modern
methods prevail throughout, a combination of the wet and dry pro-

cesses is used, the burning is in continuous shaft kilns, and the

grinding is done by ball mills followed by the use of tube mills for

pulverization. There are in all five or six manufactories in Den-

mark, with an aggregate annual output of about 400,000 barrels, of

which the Aalbourg works turns out about 250,000.

In Sweden probably the largest and best known works are

those of the Skanska Company at Malmo. This plant was estab-

lished in 1872, and its present annual output from two plants is

about 225,000 barrels. Four other companies, including a solitary

one recently built in Norway, have an aggregate output of 275,000

barrels, making a total, for Sweden and Norway, of 500,000 barrels.

About 100,000 barrels of this are exported to Denmark, Russia and

America. English and Belgium brands are imported in small

quantities, but the home product is almost exclusively used. The
price of cements in the Swedish market runs from $2.15 to $2.30

per barrel, rather a high rate compared with those in other

European countries.

SWITZERLAND.

Switzerland has a few factories, the one at Aarau enjoying a

certain reputation, but the quantities manufactured are insignifi'

cant. Considerable quantities are imported from Germany and

Belgium.
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ITALY.

In Italy there are three or four firms operating plants with a

total annual product of about 800,000 barrels. The principal

works are at Casale, in the Province of Monferrato. A new factory

has recently been started at Civitavecchia, near Rome. These

cements may nearly all be classed as natural Portlands, the process

of manufacture being much like that in Belgium, already described.

Italy imports about 700,000 barrels of cement annually, or about

one-half of the quantity consumed, since there is very little ex-

ported. Most of the imported cement comes from France. The
price varies from $1.75 to $2.00 per barrel, according to quality,

there being two qualities much as noted in France. Contrary to

the general belief, Italy is now using more cement than Poz-

zuolana. The latter material, so noted as an Italian cement for

years, has yielded first place to Portland cement on important

works in that country except in the Roman and Neapolitan

districts.

SPAIN.

Spain has no Portland cement factories, natural cement alone

being made, but considerable quantities of this are manufactured.

Portland cement is imported largely from France, though English

brands are used to a considerable extent. The imported Portlands

cost from $1.65 to $1.80 per barrel.

OTHER FOREIGN COUNTRIES.

Portland cement works in other parts of the world are not of

great importance. Their output is small, and generally the plants

have been erected simply to meet demands in some locality ©n some

piece of work where there are proper materials in convenient posi-

tion. There are works in India, notably at Ghooting, where lime

and calcite are used, and at Madras, where shell lime and clay form

the ingredients. In New Zealand there is a well-organized plant

at Mahmangi, north of Auckland. Portland cement is also made

at Tongshan, in China, from limestone, fire clay, marl and a rough

china clay. The wet process is used exclusively, and the plant has

modern equipment. Its capacity is said to be about 100,000 barrels

per annum. The product is used wholly in Government works.

The industry is developing steadily in Canada, and as the de-

mand is rapidly increasing and good materials are said to be plen-

tiful, it may be expected that still greater growth will ensue. The

output in two years has been increased over 150 per cent. The

Canadian Pacific Railway's works at Vancouver, B. C, built about
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1890, are worthy of note. A limestone rock is used, being ground

dry and then mixed with just sufficient water to be handled in brick

machines. The Hoffman kiln is used and slack is the fuel instead

of coke. It is claimed that by restricting the amount of water, 300

pounds of slack are made to suffice for burning a ton of cement,

against 700 pounds of coke by the wet process.

Works are to be found in South America at Parahaybo del

Xorte and in many other places, but they are of little consequence

in relation to the great industry as it exists among the great

European and American nations.

UNITED STATES.

In our own country Portland cement was imported from Eng-

land for several years before its manufacture at home was begun.

The United States Government was probably the first to use it in

large quantities, upon harbor and coast defense works about the

time of the Civil War. The amounts imported for other purposes

were small and the price was from $7.00 to $9.00 per barrel. At-

tention was rapidly drawn to the value of the material, and imports

steadily increased. By 1875 the price had decreased to $3.50 and

S4.00 per barrel, and in 1877 58,450 barrels were imported into

New York.

In 1875 Mr. D. O. Saylor, after three years of experiment and

study, placed upon the market a very good American Portland, and

his success started many others in the industry. Some were

doomed to failure, but the number of successful manufacturers

steadily increased, and in 1890 there were 16 factories, making

335,500 barrels, or 14 per cent, of the total amount consumed. At

present there are 30 factories, producing 2,304,000 barrels, and new

plants are rapidly springing into existence. A more detailed his-

tory of the establishment of various factories may be found in a

paper by Mr. Robt. W. Lesley, published in the Journal of the

Association of Engineering Societies for November, 1895.

About 88 per cent, of the Portlands made in this country come

from Xew York, New Jersey, Pennsylvania and Ohio, the other 12

per cent, being distributed between Texas, Colorado, Dakota, Cali-

fornia, Oregon, Utah and Michigan. The materials available have

not the natural advantages of those in England, but resemble more

nearly the materials in Southern and Central Germany. The

various plants all use one of two classes of materials: first, a more

or less argillaceous limestone rock, which is treated with clay to

form the proper proportions ; and, second, a marl artificially mixed

with clay. The only exception, to the writer's knowledge, is the



PORTLAND CEMENT INDUSTRY OF THE WORLD. 407

works of the Western Cement Co., at Yankton, S. D., where chalk

is found, and where methods of the Medway-Thames district of

England are available. Under the first head may be classed the

mills of Western Pennsylvania and Southern Ohio, while the plants

of New York and Northern Ohio are representative of the second

class. Statistics show that last year one-third of all the factories,

producing 23 per cent, of the total output of the country, used marl,

the remainder using limestone.

Cost of labor is another disadvantage against which American

manufacturers must contend. The cost of cement manufacture is

about 87 per cent, labor, divided as follows

:

Quarrying 40 per cent.

Burning 6

Grinding 6

Moving, etc 5

Packing 3

Coal and coke, staves and heading 27

Total 87 per cent.

The following table shows how great a difference there is be-

tween the cost of labor here and in the European countries. It is

only by the use of machinery best adapted to the purpose and by

profiting by all the advantages of location, thus saving time and

employing as little labor as possible, that the American has brought

his product to its present perfection and his price to the point of

sharp and successful competition with the foreign cements that

have enjoyed so great demand in the part.

Comparative Cost of Labor per Day.

England. France. Germany. Belgium. United States.

Quarrymen, $1.50 to $2.00
Miners, $0.52 $ O.87 $0.52 $0.60
Millers, 1. 00 O.48-O.87 O.65 O.88J- 2.00 to 2.50

Women Millers, O.20-O.39
Millwrights, 1. 16 l.I2l O.70 o.83i 2.50 to 3.00
Laborers, 0.78 0.76 O.60 0.66 1.30 to 1.50

Women Laborers, O.38I O.24 o.57
Engineers, I. IO O.97 73 1.03 2.00 to 2.50

Coopers, I.I3 0.93 O.66 0.86 1.50 to 2.00

The semi-wet method is most commonly used in preparing the

materials for the kiln, various devices for wet grinding being in use

in different mills. The dry grinding is also frequently employed.

There are one or two plants making a natural Portland, somewhat

after the Belgian methods, but so far as the writer is aware in every
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case the materials run more uniformly and the results are much
better.

Both the continuous and intermittent forms of kilns are in

use, and various forms of each are met with. The rotary kiln is

largely used. Though this machine was first devised in Eng-
land, it has been so successfully developed in this country that it

may almost be called an American invention. It never succeeded

very well in Europe, and its use here is viewed with a little surprise

by European manufacturers. It is true the process is not adapted

to all classes of materials, and cylinders have met with failure in

some mills. But where the raw materials will permit its use, it does

very good work and proves a very economical machine. At

present about 48 per cent, of the total output of the United States

is burned in rotary kilns. Petroleum fuel is used in them, while

gas coke is the ordinary fuel in other forms of kilns.

Perhaps the best method of showing concisely the comparative

progress of the Portland cement industry in the principal countries

may be derived from the evidences of their comparative reputations

in this country, year by year. The appended table shows, so far as

statistics are available, the quantities imported from various coun-

tries and the amounts manufactured at home, each year since 1877.

The rapid decline since 1888 of imports of English cement from

66.1 to 19.6 per cent, of total imports, and the contemporaneous

increase of the imports from Germany from 28.0 to 49.4 per cent, is

a tale with a moral. The increase in the quantities in the "Other

Countries" column since 1894 may be accounted for by the in-

creased import of Danish and Swedish cement.

But the most significant fact is the steady and rapid increase

in the proportion of manufactured to imported cements since 1891.

That proportion should and undoubtedly will be increased still

more rapidly in the future. For years the American makers have

had a hard struggle against strong adverse prejudice. The preju-

dice was at first well founded, since the early attempts to produce

Portland cement here met with little better success than abroad.

But, once established, it has been very hard to live it down. Port-

land cements, fully as good as any from Germany or any other

country, have been made here for several years, but Americans are

only beginning to realize the fact. As more attention is paid to

cements and more care is taken in thoroughly testing and investi-

gating them, the fact is growing apparent that, even though Ameri-

can Portlands are not always perfect, the chances of receiving a lot

of imperfect cement are fully as great with the foreign as with the

domestic article.
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The testing of cements for use upon works is just as important

as the testing of steel for use in bridges or boilers, and to the failure

to give careful attention to this point is due in a great measure the

slowness of American consumers to appreciate the value of Ameri-

can Portlands. Probably in no other country in the world, pro-

ducing or consuming large quantities of cement, is the spirit of

investigation in this direction so little apparent. While England
has no national system for testing cements, still fully 75 per cent,

of the cement consumed is thoroughly tested by experts, and the

same may be said of Holland. France, Belgium, Germany and

Austria maintain Government testing stations where cement,

among other engineering materials, receives careful attention. In

this country more attention has been given to the matter of late,

but still enormous quantities of cement are consumed concerning

which the consumer knows absolutely nothing except the brand on

the barrel or sack. The writer has met inspectors on works who
"did not believe in testing," and who professed to be able to tell all

about a cement by feeling it or tasting it. Many consumers who
do test their cement limit their tests to fineness and a few neat

briquettes broken at seven days old; and, with these two tests as

their only criterion, they place the limits of strength in their specifi-

cations as high as they dare. This fact, coupled with the keen com-

petition among makers, is a sore temptation to over-lime their

product beyond a safe limit. It is greatly to be hoped that the

present dawning of the days of careful tests will overcome this

danger.

The following summary of amounts produced in, and exported

from, the various countries of the world is as nearly correct as sta-

tistics available will permit:

CEMENT PRODUCTION OF THE WORLD.

i . Germany
2

.

England
3. France
4. United States

5. Belgium
6. Russia
7. Austria
S. Italy

9. Norway and Sweden
10. Denmark
11. All other countries (estimated)....

Output.
Barrels.

13,500,000
8,300,000
3,000,000
2,300,000
2,250,000
2,000,000
1,000,000
800,000
500,000
400,000

1,000,000

35,050,000

38.4
23-7
8.6

6.6

64
5-7

2.9

2-3

1.4

1 1

29

Export.
Barrels.

3,000,000

3,500,000
I,I39,OCO

i,50o,oco

9,239,000
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The demand for Portland cement the world over is rapidly

increasing. In all the principal producing countries the factories

are overstocked with orders and hardly know how to fill them.

European makers are not seeking the American market so anx-

iously, partly on this account and partly because they have to meet

such fierce competition from the American factories. This fact,

coupled with the increasing confidence in American brands, points

toward a still greater diminution in imports from now on. The
duty on cement is 8 cents per 100 pounds, or about 30 cents per

barrel, and ocean freights amount to about 40 cents. The foreign

Portlands must thus be produced at least 70 cents per barrel

cheaper than at home to meet competition. Freights from our

principal producing centers to New York are about 14 cents per

barrel.

We have seen that England, though for years in the lead,

eventually yielded first place in the Portland cement industry to

Germany with its more careful and systematic methods. The
United States has entered the field in comparatively recent years,

and now holds fourth place in volume of output. The quantities

are increasing annually by strides, while even yet the domestic sup-

ply is only one-half the consumption. It seems quite probable that

the foreign brands will eventually be practically driven from the

market; but may we not aspire to even greater things and hope that

at no very distant date American manufacturers may, by their skill

and ingenuity, so reduce the price, while maintaining the quality,

that we shall see American Portland cements crossing the ocean

and successfully competing with European brands in the markets

of non-producing countries of Europe?

DISCUSSION.

Mr. S. J. Baker.—Can Mr. Green give us any data upon the

consumption or output of natural cement?

Mr. Green.—I think it is about eight and one-third million

barrels per annum in this country.

Mr. D. L. Clements.—I have enjoyed this paper very much;

Mr. Green must have spent a large amount of time in preparing it.

The outlook is certainly very encouraging to American cement

manufacturers.

Mr. C. B. Stowe.—I am very much pleased with the state-

ments Air. Green has been able to make regarding the advance-

ment of the cement industry in this country. I think that there is

no question that we are going not only to equal, but to surpass

foreign cements in quality. I had a letter last spring from Mr.
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White, of London, and he admits that we are ahead of England

now. He thinks they can equal the quality of our cement in Eng-

land, but the only way for them to hold up against the American

trade is to become American manufacturers themselves. I think

we have made great advance during the past year, and are likely

to show much more before we get through.

Mr. E. E. Boalt.—It has been my pleasure, in the engineer-

ing office of this city, to be very closely connected with the use of

both Portland and natural cement, especially in tests. The paper

has been devoted to its manufacture, and the subject has been very

ably presented. I hope Mr. Stowe can give us a little information

relative to the new plant he has lately put into operation, and the

new methods. One feature I have in mind is the fine grinding, by

a process of which, I believe, Mr. Stowe is the inventor. When
the grinding can be made so complete that a barrel shall contain

no unreduced particles, the quality of the cement will be greatly

improved. But this is only one feature. To produce perfect

cement we must take the materials in proper chemical proportions,

and give them a perfect mixture, a perfect burn and a perfect grind.

Mr. J. C. Robinson.—Where extreme fineness is required, it

cannot be had by the use of screens. It is impracticable to use a

screen finer than a 200 mesh. I believe that, whether Griffin mills

or Ball mills are used, or any other of that kind, the cement is going

to be finished in the tube mills.

Mr. Stowe.—I found some curious things in testing German
and English cements. About 60 per cent, would pass through a

200 mesh sieve, and about 80 per cent, through one of 100 mesh,

so that one really buys 60 per cent, of cement and 40 per cent, of

grit or sand. We have been making some tests in order to ascer-

tain the point of fineness at which cement really is cement and

ceases to be sand. It lies somewhere between a mesh of 200 and

one of 400. If it lies at 300 mesh, a barrel of foreign cement con-

tains only about 50 per cent, of true cement. We have also found

that much depends upon the mixing of materials before burning,

and that the strength is about in proportion to the amount of

mixing; that is, for a fineness of 200. We have had some clinkers

from which a sand test would go higher than a neat test. Neat

cement may be so fine that in a neat test it will crystallize in such a

way as not to carry the strength. As I look at it, the grinding of

cement is yet in its infancy. I had a letter from Professor John-

son, of Washington University, who remarked how little we yet

know about Portland cement. But there are going to be great

improvements in this line. I believe that in ten years from this
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time we shall be making cement mortar that will contain four times

the proportion of sand it contains to-day and still give the same

strength. We have the best of materials in this country. There

is. in Arkansas, at White Cliffs, a mountain of a thousand acres,

which rises about 300 feet. There is enough raw material there

to supply the world a good many years. Finer material could not

be found than that in the beds in this country. The Portland

cement business in this country has been a series of failures, but

I think we are going to come out ahead and some one is going to

make some money out of it; but it will probably be the man who
starts in later.





Association
OF

Engineering Societies.

Vol. XX. JANUARY, 1898. No. i.

PROCEEDINGS.

Technical Society of the Pacific Coast.

Regular Meeting, San Francisco, January 7, 1898.—Called to order

at 8.30 p.m. by Director D. C. Henny.

The minutes of the last regular meeting were read and approved.

The nominating committee reported as follows:

Your committee on nominations for officers of the Society for the year

1898, begs to submit the following ticket:

For President—E. J. Molera.

For Vice-President—G. W. Percy.

For Secretary—Otto von Geldern.

For Treasurer—E. T. Schild.

For Directors—D. C. Henny, Hermann Barth, Louis Falkenau, T. W.
Ransom, John H. Wallace. Respectfully,

Luther Wagoner,
Chairman of Committee.

The ticket was ordered printed and distributed for ballot in accordance

with the By-Laws of the Society.

Mr. G. W. Percy addressed the Society on the subject of "Modern Fire

Proofing," which was discussed.

Adjourned.
Otto von Geldern, Secretary.

Annual Meeting, January 21, 1898.—Called to order by Director

Percy.

After appointing tellers the votes for officers were counted, whereupon

the Chair announced that the following ticket had been unanimously

elected: President, E. J. Molera; Vice-President, G. W. Percy; Secretary,

Otto von Geldern; Treasurer, Edward T. Schild; Directors, Hermann
Barth, L. Falkenau, D. C. Henny, T. W. Ransom, and John H. Wallace.

The Secretary and Treasurer read their annual reports, which were

ordered received and placed on file.

Adjourned.
Otto von Geldern, Secretary.
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Detroit Engineering- Society.

Detroit, Mich., January 21, 1898.—The regular monthly meeting was

held at the Hotel Ste. Claire, President Jesse M. Smith presiding, with

twenty-one members and eleven visitors present, including representatives

of the Michigan Chapter, American Institute of Architects, in attendance

by special invitation. The paper of the evening, entitled "Decorative Mar-

bles," was read by Mr. W. M. Courtis, member American Institute Mining

Engineers, and extensively illustrated by samples from the leading quarries

of America and the prominent buildings of Ancient Rome. It was dis-

cussed by Messrs. Smith, Mason, Donaldson, Goldmark, Pettee, Rogers,

Dow and Courtis.

The President announced the first death in the ranks of the Society,

that of Mr. Gouverneur Morris, member American Society Civil Engi-

neers, which occurred on the night of December 30, at his residence, and

upon motion appointed Messrs. Wisner, Hinchman and the Secretary a

committee to prepare suitable resolutions and memoir.

Messrs. Joseph H. Ames, F. S. Bigler, Fred. R. Steel and W. E. S.

Strong being reported upon favorably were elected to resident member-
ship. The names of Messrs. M. Woolsey Campau and Andrew H. Greene,

Jr., were proposed for membership and referred to the Executive Com-
mittee.

A resolution of thanks from Michigan Chapter, American Institute of

Architects, and an invitation for a series of lectures from the Architectural

Sketch Club were read, and on resolution the thanks of the Society were

ordered extended to the latter organization. A paper by Mr. J. W. Shaub,

member St. Louis Engineers' Club, on "A Permanent Roadway for Rail-

roads," was announced for the February meeting. Adjourned.

Gardner S. Williams, Secretary.

At a meeting of the Executive Committee, held at Room 36, Moffat

Block, January 21, bills to the amount of $4.02 were ordered paid and

candidates for membership favorably voted upon, and the resignation of

membership of Mr. S. F. Dibble accepted.

Gardner S. Williams, Secretary.

Civil Engineers' Society of St. Paul.

St. Paul, Minn., January 3, 1898.—The fifteenth annual meeting of

the Civil Engineers' Society of St. Paul was held at the Windsor Hotel at

8.30 p.m. Present, nineteen members and eleven visitors. Vice-President

Crosby in the chair. Minutes of previous meeting read and approved.

Article III of the Constitution was, by final vote, amended to read as fol-

lows:

"Any civil, electrical, mining or military engineer, and any architect,

metallurgist, assayer or surveyor holding an appropriate degree conferred

by any incorporated college or university, or any graduate of the United
States Military or Naval Academies who shall have practiced his profession

for one year or longer, or who, not holding such degree, shall have prac-

ticed his profession for five years or longer, shall be eligible to membership
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in this Society. Persons chosen from the classes mentioned in this article

shall be called members.

"Students of engineering and other persons who intend to adopt one

or more of the branches of the profession that are mentioned in the last

preceding paragraph, but who are ineligible for full membership, may be

chosen as juniors. They shall have all the privileges of members except the

right to vote.

"Associate members may be chosen from among persons whose interest

in pure science, or in the applications of science, may lead them to desire

connection with the Society. They shall have all the privileges of members
except the right to vote.

"Honorary members may be chosen. They shall be men eminent in

science, or men who have conferred some signal benefit on this Society.

They shall be free from all fees and assessments."

The reports of the Secretary, Treasurer and Librarian were read and

accepted. The Treasurer was authorized to pay Custodian Ames $10 for

supervision of care of Society's room in the Court House. The Secretary

was instructed to request the Secretary of the Association to furnish the

Society with five copies of the Journal of the Association. Of these five

copies, the Librarian was directed to furnish one bound volume each to the

Minnesota State Historical Society, the St. Paul Public Library and the

library of the Society. The remaining two copies are to be disposed of at

the Librarian's discretion.

Officers were elected for the ensuing year as follows: President, J. D.

Estabrook; Vice-President, Oliver Crosby; Secretary, C. L. Annan;
Treasurer, A. O. Powell; Librarian, A. W. Munster; Representative on
Board of Managers of the Association of Engineering Societies, E. E.

Woodman.
At 10 o'clock the meeting adjourned to the banquet room to discuss a

substantial bill of fare. The last toast was responded to in the early

morning.

C. L. Annan, Secretary.

Engineers' Club of Minneapolis.

Minneapolis, April, 1897.—As directed by the meeting of February

23, the President and Secretary arranged for the meeting of the members of

our Club and the Civil Engineers' Society of St. Paul at the east end of the

Tenth Avenue South Bridge, from which point a visit was made to the St.

Anthony Falls Water Power Company's new dam, Mr. Wm. de la Barre

and his assistants explaining the points of interest in the dam, among which

were several bear trap dams; and also the electric power house and plant.

The water in the river was unprecedentedly high, and the ice had car-

ried over the dam, a day or so before, booms, boom piles and piers or

cribs filled with stone, which had struck the coping and carried out a part

of the top of the center of the dam; and it was impossible to make as

thorough an examination of the dam as was desired.

Thirteen members of the Minneapolis Club, eleven of the St. Paul

Society and six guests composed the party.

Elbert Nexsen, Secretary.
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Minneapolis, June 22, 1897.—A meeting was held in the Council

Committee Room, City Hall. As but four members were present, the

reading and discussion of Mr. Frank J. Llewellyn's paper on "Coal Hand-
ling Appliances" was postponed.

The Secretary announced the names of the following: Rennie B. Fan-

ning, L. S. Gillette, W. C. Weeks, James B. Gilman and J. F. Richards as

proposed for membership by W. R. Hoag and F. J. Llewellyn.

Elbert Nexsen, Secretary.

Minneapolis, August 7, 1897.—By invitation of Mr. F. W. Cappelen,

as City Engineer, thirteen members of the Engineers' Club of Minneapolis,

nine members of the Civil Engineers Society of St. Paul and seven visitors

met at the City Hall at 2 p.m. and proceeded on special cars to Thirty-

seventh avenue, Northeast, and Central avenue, from which point they

inspected the laying of the two 50-inch riveted steel water mains and the

16-inch cast-iron drain pipe laid in the same ditch to the reservoir, which

they connect with the North .Side Pumping Station.

After inspecting the reservoirs and partaking of a lunch, the names of

W. E. Stoopes, proposed for membership by W. M. Fox, and F. W. Cappe-

len, and Albert Graber by Elbert Nexsen and W. R. Hoag, were announced

by the Secretary; and the party returned by special cars.

Elbert Nexsen, Secretary.

Minneapolis, January 3, 1898.—By invitation of the Civil Engineers'

Society of St. Paul, members of our Club attended their annual meeting at

8 p.m. and banquet at 10 p.m., at the Windsor Hotel, St. Paul.

Elbert Nexsen, Secretary.

Minneapolis, January 10, 1898.—The meeting was called to order at

8 p.m., at the Nicollet House, by President F. J. Llewellyn; sixteen mem-
bers, eight visitors from St. Paul Society and twenty-nine from Minneapolis

were present.

The minutes of previous meetings read and approved.

The following were unanimously elected to membership: Ellis J.

Woolf, Harry E. Smith, J. E. Carroll (proposed February 23, 1897), Rennie

B. Fanning, L. S. Gillette, W. C. Weeks, James B. Gilman, J. F. Richards

(proposed June 22, 1897), W. E. Stoopes and Albert Graber (proposed

August 7, 1897), and their election announced by the President.

Mr. F. J. Llewellyn then entertained the Club for an hour and a quarter

by a paper on a trip to the Yellowstone Park, illustrated by about fifty

stereopticon views of the park, many of which he took himself. After an

informal discussion, a light lunch was served and an entirely informal hour

enjoyed by those present.

Elbert Nexsen, Secretary.

Civil Engineers' Club of Cleveland.

Cleveland, January ii, 1898.—The regular meeting of the Club was

held in its room in Case Library, January 11, at 7.45 p.m., with President

Ritchie in the chair. Present, forty-seven members and six visitors.

The minutes of the last meeting were read and approved.

The President appointed M. W. Kingsley and James Mclntyre tellers
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to canvass the vote cast for members and officers. Upon receiving the

report of the tellers, the President announced the election of Stanley R.

Greene to active membership, and declared Wm. H. Searles elected Secre-

tary and Joseph R. Oldham second director for the unexpired term.

The Executive Board reported that the resignations of Messrs. J. F.

Brown, Cecil L. Saunders and Jonathan Wainwright, former active mem-
bers of the Club, had been accepted. It further reported upon the applica-

tion of Henry W. Guthrie for associate membership, and the application was
read.

The committee appointed to prepare a memorial in honor of the late

Secretary, Forrest A. Coburn, presented and read their report, which is as

follows

:

"Being called upon to mourn the loss of a valued friend and fellow

member of this Club, we offer the following tribute to his memory:
"We wish to testify that in Forrest A. Coburn, the Civil Engineers'

Club of Cleveland has lost one of its most honored members. For many
years he was with us, and from the first it was evident that we were associa-

ting with one of sterling character and large ability. His genial, hearty

manner won for him not only our regard, but our warmest sympathy and

affection.

"He was one who interested himself actively in our work. He was a

frequent attendant at our meetings, and was ever ready to offer suggestions

drawn from his many years of practical experience. At our picnics and

social gatherings he was among the most jovial of all, entering heartily into

the sports and games.

"As Secretary of our Club he was constantly faithful, nearly always

present until his final illness prevented him. The work we had appointed

him to do was being done accurately, carefully and cheerfully. He felt

greatly honored by the fact that the Club had called him to the Secretary-

ship; and on our side we felt that he honored us and the office by assuming

its duties, especially so when we considered that he was one of our busiest

men.

"It was one of his sterling traits that no matter how busy he might be

himself, he was ever ready to do for others.

"He took a broad view of everything connected with the Club. He
believed that the sister professions of architecture and engineering were, as

they should be, largely helpful and necessary to each other. Perhaps to the

cordiality of his views on this subject may be attributed in a large measure

the warm regard with which he was held by the Club. We recall with

pleasure his extreme hopefulness and his large-hearted views as to the wel-

fare of this body.

"He was among the most active in agitating the problem of how to

secure a better home for the Club. He was also more than ordinarily

interested in the establishment of more intimate and cordial relations be-

tween the numerous scientific societies of our city.

"Now that he has departed from us do we especially realize these points

of his character. He will live in our memory, and by those who personally

knew him he will ever be sincerely mourned.

"To his bereaved family we offer our deepest sympathy and consolation.

(Signed) John Richardson,

Chas. W. Hopkinson,

Jos. C. Beardsley,
Cleveland, January 11, 1898." Committee.
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Mr. W. R. Warner moved that the report of the committee be adopted

and spread upon the minutes, and that a copy be sent to the family of the

deceased. The motion was carried by a rising vote.

This being the meeting at which a nominating committee should be

selected, the following names were proposed: Ambrose Swasey, M. E.

Rawson, A. H. Porter, J. L. Gobeille and W. R. Warner. There being no

other names proposed, it was moved and carried that the Secretary be

instructed to cast the vote of the Club for these gentlemen as a nominating

committee. The Secretary reported the vote so cast.

Several amendments to' the Constitution were presented in writing,

signed by James Ritchie, Frank C. Osborn, Hiram Kimball and Wm. H.

Searles. The amendments were read and discussed, and without alteration

were ordered to letter ballot.

The Club then had the pleasure of listening to an address by Mr. M. S.

Greenough, member American Society Civil Engineers, upon the subject of

"Modern Gas Plants."

Mr. Greenough briefly reviewed the history of the gas manufacturing

industry since its first inception near the beginning of the century, and
illustrated some of its more important and recent developments. He de-

scribed the works of the Cleveland Gas Light and Coke Company, of which

he is president and general manager, located at the foot of Willson avenue.

He described a modern regenerative retort in which a very high degree of

heat is maintained, and the heat produced thoroughly utilized in a most
economical manner. He also described and illustrated the purifying boxes

which are at present employed. He described the modern gas holder and
frame, which has developed very large proportions and the construction of

which has become an important engineering problem. The lecturer also

described a variety of labor-saving machinery by which a considerable

economy in the working of the plant is realized, such as apparatus for coal

raising and charging, for coke handling and sorting, etc. He described the

Coventry inclined retorts, for the manufacture of gas by a continuous pro-

cess which is aided by gravity.

Leaving the subject of coal gas manufacture, he proceeded to the dis-

cussion of so-called water gas, and described some works designed for its

manufacture.

In conclusion, he illustrated upon a map of the city the system of dis-

tribution employed, and described the means by which a nearly uniform

pressure is maintained under the extremely varying rate of consumption

during the hours of the day and night.

The discussion which followed was opened by Mr. W. R. Warner, who
asked the speaker to kindly give some information regarding meters. To
this Mr. Greenough replied in effect that about 20,000 meters are now in use

in the city of Cleveland, all of which had been tested by the company at

least once, and several of them several times. Seventy per cent, of the

whole number are within two per cent, of exactitude, some being fast and

others slow. The number of those slow is about twice as great as that of

those fast. The discussion was continued by Messrs. E. P. Roberts, W. C.

Parmley, Richard L. Newman and Prof. C. F. Mabery. At the close of the

discussion, Mr. Warner moved that the thanks of the Club be expressed to

Mr. Greenough for his very comprehensive, instructive and interesting

lecture, which was carried, and the Club adjourned.

Wm. H. Searles, Secretary.
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Cleveland, January 25, 1898.—The semi-monthly meeting of the Club

was held in its room in Case Library at 7.45 p.m.; with President Ritchie in

the chair. Present, thirty-three members and nine visitors.

The minutes of the last meeting were read and approved.

Mr. Louis J. Germain not being present at the hour appointed for him,

Mr. Samuel T. Dodd proceeded at once to read his paper on the subject of

"Power Consumption on Electric Railroads."

He discussed the resistance developed by moving cars, and reviewed

the formulas which have been in common use to express this resistance;

and compared these results with a number of recent instances upon electric

railroads. He concluded that modern experience shows that the old

formulas, while giving results rather high at low velocities, give too small

resistance at high velocities when applied to electric motors. The author

also discussed the question of acceleration, and the power required to bring

the car to a certain maximum velocity, and the number of seconds in which
this may be accomplished. He adduced instances from the practice of

several of the interurban roads about Cleveland, and showed that about

400 pounds per ton was the maximum horizontal effort to be expected from
the electric motor. The paper was accompanied with a number of dia-

grams and tables illustrating the subject.

The discussion was participated in by Messrs. W. H. Searles, James
Ritchie, Joseph R. Oldham and Walter C. Parmley, members of the Club;

also by Messrs. L. M. Sheldon and George M. Hoag, visitors.

Mr. Germain, who is an engineer of the old school, being a venerable

man over eighty years of age, but well preserved in body and still active in

his mental faculties, then addressed the Club, and gave some outlines of a

method by which he would utilize the current of flowing streams to obtain

power for generating electricity or other purposes. In this connection he

had in mind the utilization of the River Jordan, which has a rapid descent,

although devoid of waterfalls at any one point. He also described a plan

he had for cooling the stoke hole of an ocean steamer by distributing the

current of cool air under the floor, allowing it to flow upwards through

numerous openings.

Wm. H. Searles, Secretary.

Montana Society of Engineers.

Annual Meeting, January 6-8, 1898.—Assembled in the City of Butte,

Montana.

On January 6, 1898, the members visited the Gagnon, Never Sweat and

St. Lawrence Mines. Afterward a drive was taken to the new School of

Mines, a State institution most favorably located, Butte being famous as the

principal copper producer in the world, and prior to '93 as a great silver

producer. Here can be seen the greatest advancement in the methods of

mining and milling and the most modern machinery for such work.

On January 7th, at 10 a.m., the members boarded a special train fur-

nished by the Oregon Short Line Railway Company. Arriving at Divide

Station, carriages in waiting conveyed them two miles to the Big Hole

Dam. At the dam they were greeted very hospitably by Messrs. Winters

& Parsons, the contractors, and Mr. M. S. Parker, the engineer in charge.

Mrs. Winters and Mrs. Parsons served a sumptuous luncheon and each
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member was presented with a beautiful souvenir of the occasion in the

shape of views of the dam. The dam is being constructed by the Montana
Power Company, to furnish electrical power to Butte City, distant 28 miles.

On January 8th, in the forenoon, the members visited a number of the

mines and smelters in Butte.

The nth Annual Meeting of the Montana Society of Engineers was

held in the Council Chamber of the City Hall at Butte, Montana, on Jan-

uary 8, 1898.

The meeting was called to order at 2 p.m., with President Charles W.
Goodale in the chair. Mr. James S. Keerl acting as Secretary pro tern., the

minutes of the last monthly meeting were read and approved.

The application for membership of Mr. William E. Donovan, architect

of the School of Mines building, Butte, Montana, was favorably considered.

Messrs. Gillie and Taylor were then appointed tellers to canvass the

ballots for membership. Messrs. MacFarlane and McNeill were appointed

to canvass the ballots for officers.

The Secretary's report was then called for. Some of the items were as

follows:

Amount in treasury, January 9, 1897 $82.78

Receipts for year 1897 759-5°

Total $842.28

Amount paid out for bills contracted in 1896 $152.06

Amount paid out for bills contracted in 1897. 617.86

Total amount paid out during year $769.92

Balance in treasury 72.2,6

Amount of bills unpaid 94.00

Amount due Society from members 282.00

MEMBERSHIP IN 1897:

Active Beginning of year, 59 Close of year, 96

Honorary 2 4
Associate 16 12

Total 77 "
"

112

During the year 2 associate members have returned to active member-
ship, 3 suspended members have been reinstated, and 32 new members
have been added, making a total addition of 37 to active membership. Two
associate members, Messrs. William A. Haven and Edwin H. McHenry,
became honorary members by election.

The report of the Librarian shows a number of additions to the library.

The Society receives 21 periodicals.

The Librarian urged the necessity of additional bookcases, and stated

that the library should receive more attention than in the past, and that he

considered it a mistake to combine the offices of Secretary and Librarian.

The office of Librarian, if properly conducted, was sufficient to keep the

Librarian busy.

The report of the Treasurer agreed with the Secretary's report as to

amounts of money received and expended.

Both reports were received and referred to the Board of Trustees.
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The ballots showed that Mr. Milo Smith Ketchum had been elected to

membership, 33 votes, all affirmative, having been cast.

The officers elected for the ensuing year were as follows: President,

James M. Page, of Pageville; First Vice-President, Maurice S. Parker, of

Divide; Second Vice-President, Forrest J. Smith, of Helena; Secretary and
Librarian, Albert S. Hovey, of Helena; for Treasurer and Member of

Board of Managers of the Association of Engineering Societies, James S.

Keerl, of Helena; Trustee for 3 years, Edward R. McNeill.

The new officers were installed.

President Page, upon taking the chair, thanked the Society for the

honor conferred.

Mr. Eugene Carroll, of the Committee of Arrangements, then reported.

He moved that the Committee of Arrangements be appointed at the No-
vember instead of at the December meeting, in order to give the committee

more time to make arrangements. Carried.

Mr. Carroll stated that the Society has been tendered many courtesies

by the mining companies and railroads, and he moved that the Secretary

be notified to convey the thanks of the Society to the following gentlemen

and corporations: Messrs. W. H. Bancroft and J. P. O'Melveney, Gen-

eral Manager and Chief Engineer, respectively, of the Oregon Short Line

Railway Company; to Mr. Charles W. Goodale and the Colorado Smelting

and Mining Company; to Mr. August Christian and Mr. McKinna,
Chief Engineer and Master Mechanic, respectively, of the Anaconda Cop-

per Mining Company; to Messrs. J. G. Link and W. E. Donovan, archi-

tects of the School of Mines; to Messrs. Winters & Parsons, contractors,

and Mr. M. S. Parker, engineer of the Montana Power Company; to

Messrs. Frank Klepetko and C. S. Batterman, of the Boston and Montana
Mining Company; to Mr. J. R. Wharton, Receiver of the Butte Street Rail-

way Company; to the Montana Ore Purchasing Company, and Mr. R. D.

Grant, General Manager of the Parrot Mining Company, and to Mr. John

F. Davies, Librarian of the Butte Free Public Library. Motion carried.

Mr. John Herron moved that the thanks of the Society be also ex-

tended to Messrs. E. H. Wilson, Eugene Carroll and J. S. Keerl, members
of the Committee of Arrangements, for their successful handling of this

meeting. Mr. Carroll moved that Mr. Charles W. Goodale be also added

to the list, as he has been our mainstay in the making of arrangements.

Mr. Wilson moved that Mayor Harrington, of the City of Butte, who has

so kindly extended the courtesy of furnishing a place of meeting for our

Society, be added to the list. Mr. Herron's motion, as amended, was

unanimously carried.

A motion by Mr. J. S. Keerl was carried, that a vote of thanks be

tendered to Mr. Charles W. Goodale for taking such an active interest in

the affairs of the Society,—an interest which has contributed so much to its

present successful condition. Carried. The Secretary wishes to thank Mr.

Keerl and the Society for a similar recognition of his labors for the past

year.

A motion prevailed that a committee of three, with the President as

Chairman, be appointed as a Committee on Transportation. Messrs.

Charles W. Goodale, Eugene Carroll and John Herron were appointed on

the committee.

The retiring President now delivered the annual address. It was a

summary of engineering progress in the State during the past year. He
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spoke of the dam of the Big Hole River, which the Society had visited

the day before, of the Missouri River dam, which is to develop electrical

power to be transmitted to Helena, 19 miles distant; of the Gaylord and

Ruby Valley Railway, now being equipped, and of various other railway

improvements and constructions in the State. In conclusion, he urged the

members to increase the interest in the Society by presenting more papers.

He did not consider the excuse of having no time to be the real cause.

Mr. T. M. Ripley, engineer of the Missouri River dam, then read a

paper in regard to that great enterprise. The following is an abstract of

the discussion of this oaper.

Mr. Wilson.—I believe it is eminently proper for our Society to en-

deavor to get Montana into line with most of the other Western States in

the appointment of a State Engineer, who shall have close supervision over

all structures that are intended to impound or raise water. Our neighbor-

ing State, Idaho, has an admirable system, which is being carried into

effect. The State Engineer has the inspection of all the plants in course of

construction which are intended to raise water more than 10 feet from the

surface, and has supervision over all large plants built.

In our State, in the near future, a great many reservoirs will be built

to store water for irrigation. These, if not properly built, would imperil

property below, exposing towns and cities to destruction. No supervision

of these structures is now provided.

Mr. Carroll.—I agree with Mr. Wilson that the Society should make
an effort in this line. I had a little experience of my own when we began

the construction of our large masonry dam south of Butte. The people

below were very much excited at our imperiling the life (as they expressed

it) of all Butte. The County Commissioners inspected the structure, and

the worthy Chairman, Mr. John Caplice, said it was all right, and thus pub-

lic fear was allayed. It would be much better to have a State Engineer to

watch and superintend the construction in such cases.

This is a very important matter when we consider that two-thirds of the

agricultural country must eventually be irrigated through the storage sys-

tem, which is now in its infancy.

President Page spoke strongly in favor of the establishment of the

office of State Engineer. He said the era of dam construction has just

begun in Montana, and eventually nearly all the cities must be supplied by

the storage system. Before any more great enterprises of the sort are

started there should be a State Engineer to see that they are properly con-

structed.

Mr. Blackford made a motion that the President appoint a committee

of three to prepare a bill, to come before the next Legislature, providing

for the creation of the office of State Engineer and defining his duties, the

bill to be presented at the next annual meeting of the Society for discussion,

then to be presented to the Legislature. Motion carried.

A paper on road improvements, by Mr. F. H. Ray, who represents the

League of American Wheelmen, was read. Mr. Ray presented the Society

with two books, "Country Roads" and "Macadam Roads," containing the

latest methods of road building. The President called upon Hon. Frederick

Whiteside, of Flathead Co. Mr. Whiteside thanked the Society for cour-

tesies extended, and stated that road building contained so much of com-
monplace and so little of higher engineering that the matter was often

overlooked by engineering societies. He was therefore pleased that the
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Montana Society of Engineers had taken up the matter in earnest. At the

beginning of this century, road building in a systematic manner was com-
menced in this country, and several important roads running through

Maryland and Virgini'a, called National Highways, were well built, and are

in existence to-day. Upon the advent of railroads, public highways were

neglected. In the West we have kept but little in advance of the Indians

in road improvements. Good roads are an index of civilization. Railroads

are necessary for long transportation, but we need good highways for the

transportation of our produce to the railroads. Over $75,000,000 are ex-

pended annually in this country upon our roads, and yet, through unsys-

tematic methods, we have but little to show for this enormous expenditure,

the roads being kept simply in a passable condition. If the amount ex-

pended in the past had been put into good, permanent improvements we
should now have roads in the oldest sections of the country on which we
could nearly double the loads.

The cost of wagon transportation in this country per annum is over

$600,000,000. At least one-half of this vast amount could be saved if our

road funds were properly expended. The Macadam system of road building

is doubtless the best, both on account of cheapness in construction and of

its smoothness and durability.

Legislation is necessary to bring about uniformity in road improve-

ments. But little can be expected from local boards differing widely in

their methods of construction. Place the roads under the superintendence

of one strong central power, as was done during the Roman Empire and

by Napoleon, and, with no greater expenditure than under the present

system, we would soon have roads that would be a credit to the country.

The speaker favored the employment of State convicts on road con-

struction. Roads can be built much cheaper in our State than in many
of the Eastern States, for nature has given us the best of material. The
speaker favored a State Highway Commission, composed of 3 or 5 mem-
bers, who should have power to plan a general system. They should have

power to employ a chief engineer, under whom should be placed local or

resident engineers.

Some of the Eastern States are greatly improving their methods of

road construction. To the advent of the bicycle we are largely indebted

for a new era in road building. The League of American Wheelmen is

vigorously agitating road improvements. He hoped the time would soon

come when a wheelman can ride across Montana without carrying his wheel

a large part of the distance.

Mr. McNeill stated that his views were entirely in accord with those

of Mr. Whiteside, but the great obstacle was the lack of money. Montana's

taxable property is small, and Mr. McNeill could not see where the money
was to come from, at the present time, to construct Macadam highways

across a State of such enormous proportions as Montana. The subject

was further discussed by Prof. Kerr and others, and finally, through the

motion of Mr. Carroll, referred to the committee appointed to present the

matter of creating the office of State Engineer, with the request that Mr.

Whiteside be requested to co-operate with such committee. Mr. Goodale

then read a letter from past-President W. A. Haven. A motion to adjourn

prevailed, to meet again in the banquet hall of the McDermott Hotel at

9 P.M.

In the large dining-room of the McDermott Hotel about 50 members
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and guests were seated. The dining-room was handsomely decorated with

plants and cut flowers, and the gathering was enlivened by music. An ele-

gant menu was served. Toasts were responded to as follows: "Our Guests,"

by Mr. E. H. Wilson; "The City of Butte," by Judge Stephen DeWolfe;

"The Press," by J. H. Durston; "Montana," by A. B. Keith; "Hydraulic

Engineering," by Professor C. H. Moore; "The Railroads," by Major J. E.

Dawson and W. M. Tuohy; "Electrical Engineering," by H. W. Turner;

"Engineering by Bull Train," by George W. Irwin; "The Architects," by

H. M. Patterson; "Montana Society of Engineers," by President James M.
Page; "Public Highways," by Fred. Whiteside; "Intercolonial Affairs," by

John Maginnis; "Metallurgy and Engineering," by Jas. H. Kerr; "The
Veteran Smelter Manager of Butte," R. D. Grant.

A. S. Hovey, Secretary.

Engineers' Club of St. Louis.

464TH Meeting, January 5, 1898.—The meeting was called to order

at 8 p.m., at 1600 Lucas Place; with President Bryan in the chair. Twenty-

nine members and six visitors were present. The minutes of the 462d and

463d meetings of the Club and the 250th meeting of the Executive Com-
mittee were read and approved.

The applications for membership of Messrs. Hiram Martin Chittenden

and John Broome Guinn, having been approved by the Executive Com-
mittee, these gentlemen were balloted for and elected members of the Club.

The Secretary announced that during the year 1897 he had received

resignations from Messrs. Robert H. McMath, John H. Maxon, C. M.
Woodward and J. L. Van Ornum.

The paper of the evening, by Mr. Richard McCulloch, was then read.

It was entitled "An Historical Sketch of Street Railways." The develop-

ment of the street railway from the first road in New York City in 1832 was

traced. The early experiments with mechanical traction and the history of

the pioneer roads was given. The general improvements in street railway

construction was traced down to the present time. The local history of the

St. Louis roads was then taken up. A short sketch of the omnibus lines,

which preceded the street railways, was given, and the history of the early

horse railways was outlined. The first cable roads and the early electric

roads were described, and the paper closed with a review of the present

condition of the street railways.

The discussion which followed the reading of this paper was partici-

pated in by Messrs. Sturgeon, Eayres, Perkins, Harrington, Ockerson,

Hermann and Johnson.

There being no other business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.

465TH Meeting, January 19, 1898.—The meeting was called to order

at 8 p.m., at 1600 Lucas Place; with President Bryan in the chair. Nine-

teen members and two visitors were present. The minutes of the 464th

regular meeting and of the 248th and 249th meetings of the Executive

Committee were read and approved.

The Secretary announced that the following contributions to the library

had been received:
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Bulletin and Proceedings for 1897, International Railway Congress;

presented by Mr. George B. Leighton.

History and Description of the Water Supply of Brooklyn; presented

by Mr. I. M. de Varon'a.

The Croton Aqueduct and the Water Supply of Brooklyn; presented

by Mr. M. L. Holman.

Maps showing the growth of the City of St. Louis; presented by Mr.

A. N. Milner.

Report of the Sixteenth Annual Street Railway Convention; presented

by Mr. Richard McCulloch.

Volume IV of Engineering Nezvs; presented by Mr. B. L. Crosby.

Pamphlet on a method of measuring wind pressure; presented by

Prof. F. E. Nipher.

The paper of the evening, entitled "Experiments with a New Machine

for Testing Materials by Impact," was then read by Mr. S. Bent Russell.

The paper opened with a discussion of the subject of resilience. A descrip-

tion was given of the usual methods of testing materials by impact, and

drawings of the new machine were exhibited. The method by whigh the

machine had been calibrated and tested was given. Tables of tests on

different materials, drawings, samples of broken specimens and cutters

used in forming test bars were exhibited.

An informal discussion followed the reading of this paper, after which

the meeting adjourned.
Richard McCulloch, Secretary.

466TH Meeting, February 2, 1898.—The meeting was called to order

at 8 p.m., at 1600 Lucas Place; with President Bryan in the chair. Thirty-

six members and sixteen visitors were present. The minutes of the 465th

regular meeting and of the 251st meeting of the Executive Committee were

read and approved.

The Secretary announced that he had received an application for mem-
bership from Mr. Elliott Jones, President of the Manhattan Electric Com-
pany.

The report of the Executive Committee for the year 1897 was then

read.

The Secretary announced the following programme of papers for the

year 1898:

programme for the year 1898.

January 5, "An Historical Sketch of Street Railways," R. McCulloch;

January 18, "Experiments with a New Machine for Testing Materials by

Impact," S. Bent Russell; February 2, "The Diesel Motor," Col. E. D.

Meier; February 16, "Recent Advances in Electric Railway Practice," R.

McCulloch; March 2, "Recent Improvements in Steam Ferries," Wm. H.

Bryan; March 16, "The St. Louis Coliseum," E. W. Sterne; April 8, "U. S.

Dredge Boats, Epsilon and Zeta," Edward Flad; April 20, "A Modern Tele-

phone Exchange," Fred. E. Bausch; May 4, "Filtration of Water," M. L.

Holman; May 18, "The Recently Discovered Oil Fields of Texas," Thos.

D. Miller; June 1, "Ethics of Engineering," "Report of the Committee on

Smoke Prevention," Chas. C. Brown.

SUMMER RECESS.

September 21, "Modern Central Lighting Stations,'' H. H. Humphrey;
October 5, "Repairs to the Mill Creek Sewer," B. H. Colby; October 18,
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"The Streets of a Modern City," A. N. Milner; November 2, "Roadways,"
Thos. H. Macklin; November 16, "Concrete Walls," Robert Moore; De-
cember 7, Annual Meeting, Reports of Officers and Committees; Decem-
ber 21, Annual Dinner.

The paper of the evening by Col. E. D. Meier, on "The Diesel Motor"
was then read. The development of heat engines from their invention was
traced, and the causes for the universal adoption of the steam engine as a

heat motor were analysed. The writer stated that the steam engine had

now reached the limit of its efficiency, and gave the reasons for its low

efficiency as a transformer of energy. Gas and oil engines were described

and their merits discussed. The principles on which depend the action of

the Diesel motor were given, with a description of the machine as built in

Germany. Data was given as to the relative efficiency of the Diesel motor

as compared with the steam engine. The paper was illustrated by drawings,

cuts and photographs.

The discussion which followed was participated in by Messrs. Bryan,

Kinealy, Robert Moore, Johnson and Freeman.

There being no further business the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.

Boston Society of Civil Engiiieers.

January 26, 1898.—A regular meeting of the Society was held at Chip-

man Hall, Tremont Temple, Boston, at 7.45 p.m.; President Dexter Brackett

in the chair; ninety-one members and visitors present.

The record of the last meeting was read and approved.

Messrs. Henry V. Macksey and J. Herbert Shedd were elected mem-
bers of the Society.

On motion of Mr. Stearns, it was voted that a committee of three be

elected, by nomination from the floor, to report to the meeting the names

of five members to serve as a committee to nominate officers for the

ensuing year. Messrs. R. A. Hale, A. H. French and Henry Manley were

nominated and elected as this committee. Later in the meeting the follow-

ing names were reported for members of the Nominating Committee:

Desmond FitzGerald, G. T. Sampson, H. F. Bryant, Sidney Smith and

F. L. Fuller, and they were unanimously chosen by the Society.

It was voted that the usual committee (Mr. Henry Manley) be

requested to make the necessary arrangements for the annual dinner of

the Society, and that the usual appropriation be made for the incidental

expenses of the same.

On motion of Mr. Whitney, the thanks of the Society were voted to

the Edison Electric Illuminating Company, to Mr. C. L. Edgar and to

Mr. W. H. Atkins for courtesy extended to the members of the Society

on the occasion of the visit to the several stations of that company this

afternoon, and for their generosity in providing transportation.

On motion of Professor Allen, the thanks of the Society were also

voted to Mr. B. C. Batcheller for the very interesting description which he

gave of the pneumatic postal service in Boston, at the informal meeting of

the Society on January 5, 1898.

Mr. Frederick H. Newell, chief hydrographer, United States Geologi-

cal Survey, was then introduced, and gave a most interesting talk, illus-
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trated by lantern slides, on the hydrographic investigations of the Geo-

logical Survey.

With reference to the methods pursued in the investigation of ques-

tions of water supply, "Mr. Newell said that in the eastern part of the

United States the development of water-powers has in the past been re-

tarded by the fact that transportation lines and centers of population have

grown up on the lowlands, away from the cataracts or waterfalls, and it

has been found cheaper to utilize steam-power. With the improvement of

methods of electrical transmission, it has resulted that the waterfalls can

in effect he brought down to the cities, and thus many sources of power
are being utilized which before have been regarded as valueless.

In considering the advisability of installing power plants, investors

and engineers must first know the volume of the stream and the duration

of floods and low water. This matter can be inferred only from the past

history of the stream, and such knowledge must be had through accurate

records.

In the western part of the United States is the great area of public

land, much of it fertile but unproductive on account of the scarcity of

water. All land values must be said to rest directly upon questions of

water supply. The vacant public domain is in extent equal to one-third

of the whole United States, exclusive of Alaska. Little, if any, of this

land can be used for farms without irrigation, but with an ample supply

of water the farmers are among the most prosperous of the world. The
question of the utilization of vast tracts of land is dependent directly upon
the quantity and quality of the water and the practicability of putting this

upon the surface. Measurements of streams, therefore, are of broad public

importance, since they are fundamental to the control and disposition of

the homes for future citizens.

In all parts of the United States water for domestic, and even for

municipal supplies, is obtained from under ground. In some places the

waters near the surface are contaminated, and as a result malarial fevers

or other forms of sickness prevail. It is often possible by going deeper

to secure a better supply, but through ignorance of this individuals and

communities suffer incalculable loss. To be able to place the facts clearly

before the people, systematic investigations of the geologic structure must

be made.

Incidental to the discussions of the quantity and quality of water in the

rivers, and also beneath the surface, are matters concerning the artificial

pollution. Towns and manufacturing establishments habitually discharge

their sewage and refuse into the rivers, and these flowing, perhaps, across

State boundaries are used in turn as sources of supply. The effect is seen

in the death rate, but being a matter of common occurrence the importance

of taking remedial steps is not kept before the citizens. It is practicable

in many places to use this waste material, and, in any event, it is cheaper

to do so than to allow it to add to the expenses of the community through

sickness and shortening of life.

The investigation of the water resources of the country results in the

accumulation of a large amount of data having practical application along

many lines beside those above enumerated. The, facts are published in

annual reports, and in pamphlets entitled "Water-Supply and Irrigation

Papers." In a work as widespread as this, it is, of course, impracticable to

take up everything at once, and therefore attention is given the typical
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localities or conditions. Streams which illustrate general conditions are

measured, and underground structure is studied in localities where the

results will have first importance.

An attempt is made to carry on field work in all sections of the United

States from New England to California, but due care is taken that this

wide diffusion does not lead to wasted effort. The methods of work,

especially those of measuring streams, have been developed through many
years of experience, special instruments being devised from time to time.

The data resulting is of especial interest to engineers, since it is through

their plans and estimates that construction of necessary works for develop-

ment or improvement can be made.

At the conclusion of the lecture the thanks of the Society were voted

to Mr. Newell for his interesting and instructive paper. Adjourned.

S. E. Tinkham, Secretary.
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The Civil Engineers' Club of Cleveland.

Cleveland, February 8, 1898.—The regular meeting was held in the

room of the Club in Case Library, on Tuesday, February 8, at 7.45 p.m.;

with President Ritchie in the chair. Present, thirty-eight members and two
visitors.

The minutes of the previous meeting were read and approved.

The application of John Frederick Corlett for admission as associate

member was read and referred to letter ballot.

The Executive Board reported the cases of those who have been

elected to membership at different times and have failed to qualify as

members or to pay any fees or dues. The names and dates of election

are as follows: Isaac K. Pierson, elected active member, March 13, 1894;

Philip E. Knowlton, elected active member, March 9, 1897; Wm. Oehl-

strom, elected associate member, March 9, 1897; Wm. C. Thayer, elected

associate member, January 12, 1897; Arthur McAllister, elected associate

member, May 11, 1897; Lord M. Coe, elected active member, July 13, 1897;

Ernest W. Hulet, elected active member, July 13, 1897. The board

reported that it had declared the election of these parties void, as provided

in Section 9 of Article III of the Constitution.

The resignations of Prof. Frank M. Comstock and Mr. L. E. Holden

were reported as having been accepted by the board.

A memorandum from Chas. Orr, librarian of Case Library, was sub-

mitted, dated January 19, 1898, showing that there are now in that library

about 700 volumes on engineering subjects belonging to Case Library and

about 300 volumes belonging to the Civil Engineers' Club; and of the

periodicals in the library, 61 belong to Case Library and 18 to the Civil

Engineers' Club, these periodicals each embracing a greater or less number

of volumes not specified.

Messrs. J. L. Culley and James Mclntyre were appointed tellers to

canvass the ballots cast upon the amendments to the Constitution, and also

for the election of Henry Williams Guthrie as associate member. Upon
receiving the report of the tellers, the President announced the adoption

of the proposed amendments to Articles III-IX, inclusive, the same being

all the amendments proposed. The President also announced the election

of Henry Williams Guthrie as associate member.
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The report of the Committee on New Quarters was presented and

read by the Secretary. Mr. W. R. Warner moved the adoption of the

report, which was seconded by Mr. Parmley. Mr. Ambrose Swasey argued

in favor of the report as presenting a feasible plan and offering an opportu-

nity to the Club of acquiring a splendid house. Dr. C. S. Howe followed

with the same line of argument, and showed that by paying $5 extra per

year the membership would enjoy a privilege which costs $50 a year in any

other club. He moved that the report be discussed section by section, but

withdrew his motion in favor of a motion by Mr. C. G. Force, Jr., who
moved, as a substitute to Mr. Warner's motion, that the report be received

and printed. Mr. Warner withdrew his original motion, and the motion

of Mr. Force was carried. Mr. Force moved that the report, when printed,

be made the subject of a special meeting to be called by the President.

Seconded and carried.

The Nominating Committee reported a ticket for the coming year as

follows: For President, Frank C. Osborn; for Vice-President, S. T.

Wellman; for Secretary, Wm. H. Searles; for Librarian, Wm. E. Reed;

for First Director, Joseph R. Oldham; for Second Director, S. T. Dodd;
for Third Director, R. A. Harman; for Fourth Director, C. W. Hopkinson.

On motion, the report of the committee was adopted. On receiving the

report from the committee, the Secretary called attention to the fact that

it was defective in not naming a Treasurer, and moved that the report be

returned to the committee with leave to correct instanter. The report as

corrected bore the name of Walter Miller for Treasurer.

Mr. Walter C. Parmley then read the paper of the evening, entitled

"Rainfall and Run-off in Relation to Sewerage Problems." It was an

elaborate discussion of the theory of sewer discharge, combined with many
practical suggestions from actual experience. He exhibited a number of

charts indicating the character, intensity and duration of storms as recorded

in different parts of the country, showing that those of greatest maximum
for short periods may not always tax the sewers so much as others of a

more steady downfall.

He showed the importance of considering the direction of the flow in

sewers in relation to the direction of the movement of prevailing storms.

Where the directions coincide the sewers are more heavily taxed than in

other cases. He suggested some new mathematical expressions for the time

required for storm water to pass through a sewer of varying diameters.

He proposed to increase the exponent of the area A in the formula for

discharge of sewers from 4-5, as commonly used, to 5-6, which gives a rela-

tively larger discharge for large drainage areas, while giving about the

same results for small areas; and agrees better with the experience in the

city of Cleveland.

The paper was discussed by Messrs. M. E. Rawson and C. G. Force,

Jr., members of the Club.

Mr. Swasey presented to the Club two large framed photographs of the

Forth Bridge of Scotland. One of these, showing the bridge in course of

construction, is now exceedingly rare and valuable. Mr. Swasey remarked

on the impressively large dimensions of this bridge, the three main canti-

levers aggregating a length of 5300 feet, the posts of the steel towers being

12 feet in diameter and 300 feet high above the masonry. On his late visit

to the bridge he found fifty men engaged in painting it, and was informed

that it would require three years for them to finish the job, and that it
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would consume 150 tons of paint. The hearty thanks of the Club was

extended Mr. Swasey for his valuable gift.

Dr. Howe moved- that a banquet committee of seven members be

appointed by the President. Carried. After adjournment luncheon was

served.
Wm. H. Searles, Secretary.

Cleveland, February 22, 1898.—The semi-monthly meeting was held

in the room of the Club, in Case Library, on Tuesday, February 22, at 7.45

p.m., President Ritchie in the chair. Present, twenty-five members and

four visitors.

The minutes of the last meetmg were read and approved. The Presi-

dent announced that he had appointed as a Banquet Committee Dr. Chas.

S. Howe, Jos. C. Beardsley, John P. Johnston, Jos. R. Oldham, Frank C.

Osborn, John N. Richardson and James C. Wallace. As Dr. Howe had

been unable to serve on this committee the President had appointed Mr.

Wm. L. Otis in his stead. The committee had elected Mr. Beardsley as its

chairman. The President announced the business of the meeting to be

consideration of the report of the Committee on New Quarters, and re-

quested the Secretary to read the report.

After the reading of the report Mr. A. H. Porter moved its adoption.

This was seconded by Mr. Osborn.

Mr. A. L. Hyde moved as an amendment that the report be referred

to letter ballot in order to obtain a larger vote on the question than could

be had in the meeting. This was seconded by Mr. C. O. Palmer.

Mr. Searles suggested that this meeting had been called for the discus-

sion of this report, and a free interchange of views, which could not be

had by letter ballot. Even if this question were referred to letter ballot,

it would be desirable to discuss it first. The Secretary then read two letters

bearing on the subject. These were from Mr. C. M. Barber and Mr. N. P.

Bowler, who argued in favor of the project, and also a letter from Mr. J. L.

Culley, who expressed himself as opposed to it.

Mr. J. P. Johnston questioned whether the revenue from the house as

estimated in the report could be realized.

Mr. J. L. Gobeille was in favor of deciding the question in the meeting.

In all such enterprises, he said, a very few people decide If they take the

lead, the masses will follow. There are able men in the Club who would be

glad to aid it in this manner if the opportunity were afforded them. The
revenues of the house are assured, and the idea of bankrupting the Club

is absurd. We know the gentlemen who want these bachelors' quarters.

He referred to the remarkable success of other clubs lately established in

Cleveland. The men composing this committee are not men who sign to

fail.

Mr. F. C. Osborn supported the views just expressed and thought that

now was the time to act in this enterprise.

Prof. J. W. Langley expressed himself as not being decidedly on either

side, but feared that the increase of dues might bar young men from joining

the Club. The Club needs money, but also the co-operation of all its mem-
bers, and particularly of those who read papers and take part in discussions,

for this is the real life of the Club. It is largely the working men of the

Club who have contributed papers. He was inclined a year ago to take a

rosy view of this project, but at present he did not feel so hopeful.
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Dr. D. C. Miller concurred with the views of Professor Langley, and

thought that the increase in dues would not bring corresponding benefits

to the members. We all appreciate the advantages of a Club House, but

those who would be the most benefited by a Club House belong to other

clubs which can furnish them greater values than ours. He feared that the

increase in dues might cripple the Club, and cause many resignations. The
enthusiasm of the committee was certainly encouraging to him, and he

only referred to the increase of dues as affecting the more active members
who are less able to stand the cost.

Mr. Gobielle replied to this by saying that men who could write

valuable papers and could not afford to pay a few dollars more to see those

papers go all over the country, knew very little about advertising, and those

who drop out doubtless spend more for beer and tobacco many times over

than the extra dues would come to.

Mr. Searles thought the question was, would not a member get far

more for his $15.00 in a house which belonged to the Club, in which the

Club could gather its valuables, and such contributions as the public would

be glad to make to its library, were the Club prepared to take care of them,

than for $10.00 in this bare room behind this curtain? He quoted from

Dr. Howe, who said at the last meeting that a member in this Club, by

paying $15, would enjoy privileges that would cost him $50 in any other

club in town.

If the Club should adopt the report of the committee it would simply

signify its willingness to try the plan. The next step would be to get the

individual subscriptions to the stock, and if the subscriptions are realized,

then the enterprise could go right along. The present scheme was thought

to be adapted to the wants of the Club, and he believed the money could

be raised. If this plan were not adopted, what would the Club do? Would
it remain in this place for the next ten years as it has for the last ten?

Mr. Porter thought the present scheme was a little ahead of the times.

We certainly need a Club House badly enough, but is not this experiment

on too large a scale? He felt some local pride, and would be pleased to

have the Cleveland Club own its own Club House, and hoped we could

keep this thing moving, so that in time we could succeed. He thought

that if all took hold it could be carried through.

Professor Skeels remarked that there seemed to be some question about

being able to keep up expenses. Could this agreement be made in such a

way that the Club would not lose anything, but could merely take a longer

time to finish the payment if it became necessary to do so?

The President remarked that the company to be formed, being com-
posed of members of the Club, would be willing to allow the Club to have

an extension of time if there was any difficulty in meeting the payments.

Mr. Hyde said in support of the amendment that in a matter of such

importance we must have the Club behind us, and thought that every

member should be given an opportunity to vote. He was heartily in favor

of the scheme.

Mr. L. B. Hoit said there were two distinct questions—first, the increase

of dues, and second, the indebtedness which the Club can assume. These
points should be considered separately, for members might vote only on
the question of dues, without regarding the question of indebtedness.

Mr. C. O. Palmer argued in favor of letter ballot, and thought we



PROCEEDINGS. 21

should obtain a much fuller vote on this question than we ordinarily do in

the election of members.

Mr. J. N. Richardson was opposed to referring the question to letter

ballot. Those who vote by letter ballot would have had no opportunity to

hear discussion, and would necessarily have very imperfect views of the

merits of the case.

The question on the amendment was then demanded. The result of

the first vote being uncertain, the President called for a rising vote and

declared that the amendment was lost.

The question on the adoption of the report was then put to vote and

carried.

The Chairman of the committee presented and read a prospectus for

the formation of the Library Company, and also a form of agreement to be

signed by members of the Club pledging themselves to support the increase

in dues as a part of the general plan, in case the company is formed. These

were discussed, but not acted upon.

Mr. Johnston moved that the present committee be continued and be

requested to see what can be done towards raising the necessary amount.

This was seconded and adopted unanimously.
' The Club then adjourned for luncheon at 9.30 p.m.

Wm. H. Searles, Secretary.

Engineers' Club of St. Louis.

462D Meeting, December i, 1897.—The meeting was called to order at

8 p.m., at 1600 Lucas Place; with Vice-President Bryan in the chair.

Thirty-nine members and eight visitors were present.

The minutes of the 461st regular meeting and the 246th meeting of the

Executive Committee were read and approved.

The Secretary announced that applications for membership had been

received from Hiram Martin Chittenden, officer of the Corps of Engineers,

U. S. A., and from John Broome Guinn, engineer for the United States

and British Columbia Mining Company. These applications were referred

to the Executive Committee.

The Committee on Nominations, by its chairman, Mr. B. L. Crosby,

reported the following nominations for 1898:

For President—Wm. H. Bryan.

For Vice-President—B. H. Colby.

For Secretary—Richard McCulloch.

For Treasurer—Thos. B. McMath.
For Librarian—E. J. Jolley.

For Directors—Edward Flad and F. B. Maltby.

For members of the Board of Managers of the Association of Engineer-

ing Societies—J. B. Johnson and Arthur Thatcher.

When this report had been read, additional nominations were called

for, and E. A. Hermann was nominated for Treasurer, and John A. Laird

for Director.

The Secretary then read his annual report, and also read that of the

Treasurer. The report of the Treasurer was referred to the Executive Com-
mittee for auditing. Mr. Wm. H. Bryan, the Acting Librarian, made a ver-

bal report of the condition of the library. Prof. J. B. Johnson, member of
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the Board of Managers of the Association of Engineering Societies, made a

verbal report.

A motion was made and carried that the customary annual dinner be

held on December 15.

Mr. B. L. Crosby made a motion to change Section 3 of Article 2 of the

Constitution in regard to the manner o f electing honorary members. This

motion called forth considerable discussion and several amendments were

made to the original motion. Action on this motion was postponed, to be

taken up later in the evening.

A motion was made and carried that the vote on the nomination of

Prof. Calvin M. Woodward as honorary member be postponed.

The paper of the evening, by Prof. Malverd A. Howe, entitled

"Arches," was then read. A history of the stone arch was given with a de-

scription of the arches found in the ruins of the ancient cities. The stone

arch was traced down to modern times, and stereopticon views of the

famous arches were shown. A number of views of noted bridges in stone

and steel were exhibited, and interesting data concerning them was given.

At the conclusion of the paper, Prof. J. B. Johnson moved that a vote

of thanks be extended to Prof. Howe for his paper. The motion was

carried.

Mr. Crosby's amendment to the Constitution was then taken up. The
motion as amended was as follows: "That Section 3 of Article 2 of the Con-

stitution be amended to read as follows: 'Honorary members shall be

persons eminent in engineering or mechanical science, and shall be elected

upon the recommendation of the Executive Committee, by letter ballot,

which shall be sent to the members at the same time as the ballot for the

annual election of officers. Ninety-five per cent, of the votes cast for the

candidate must be in his favor to insure election. Honorary members shall

be entitled to all the privileges of members, excepting the right to vote and

hold office, and shall be subject to no fees or assessments of any kind.'"

This motion upon being put to a vote was carried by two-thirds ma-
jority.

There being no further business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.

467TH Meeting, February 16, 1898.—The meeting was held at 1600

Lucas Place at 8 p.m.; with President Bryan in the chair. Thirty-four

members and twenty-nine visitors were present, seventeen of the visitors

being ladies. The minutes of the 466th regular meeting and the 252d and
253d meetings of the Executive Committee were read and approved.

The application for membership of Mr. Elliott Jones having been
favorably approved by the Executive Committee, this gentleman was bal-

loted for and elected a member of the Club.

The Secretary announced that he had received an application for mem-
bership from Mr. William Anderson Caldwell, Jr., of the Engineering De-
partment of the Bell Telephone Company.

The President announced the appointment of the following Entertain-

ment Committee: Prof. J. H. Kinealey, Chairman, and Messrs. W. A.

Layman, E. R. Fish, George Bouton and Henry Branch.

The paper of the evening, entitled "Recent Advances in Electric Rail-

way Practice," by. Mr. Richard McCulloch, was then read. The paper de-
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scribed the recent applications of electricity to interurban roads and heavy

railroad service. A general description was given of the conduit roads now
being installed in New -York City. About sixty stereopticon views illus-

trating the paper were shown. After the reading of the paper the meeting

adjourned to the library, where refreshments were served and an informal

reception held.

Richard McCulloch, Secretary.

Technical Society of the Pacific Coast.

Sax Francisco, Cal., December 3, 1897.—Regular meeting called

to order at 8.30 p.m., by President Molera.

The minutes of the last regular meeting were read and approved.

Professor Frank Soule read a paper on the subject of "The Holding

Power of Nails in Redwood and Oregon Pine Timbers," which was dis-

cussed by Messrs, Percy, Henny, Storey and others. Professor Wing read

a series of interesting results of Watertown Arsenal tests of Oregon pine

columns.

The following Nominating Committee was appointed to prepare a

ticket naming the officers for the ensuing year: Luther Wagoner, C. E.

Grunsky, H. C. Behr, Professor Soule, Adolf Lietz.

The President called attention to a contemplated entertainment to be

given by the members of the Technical Society, in the way of a musical

evening, such as was had during the past summer, and which proved a

success. The members present thought that such an entertainment would

bring them together socially, and were in favor of it.

The President thereupon appointed the following committee, acting

with full power, to complete any suitable arrangement for the purpose:

Hermann Barth, C. E. Grunsky, D. C. Henny, Adolf Lietz and E.>, J.

Schild. The President and Secretary to be ex-officio members of this

committee.

Adjourned.
Otto von Geldern, Secretary.

February 4, 1898.—Regular meeting called to order at 8.30 p.m. by

Vice-President Percy.

The minutes of the last regular meeting were read and approved.

The following applications were made: For member, Waldemar
Younger, of Vladivostock, Russia; proposed by R. L. Dunn, D. C. Henny
and Otto von Geldern. For associate member, Newton M. Bell, of San

Francisco, Cal.; proposed by Luther Wagoner, C. E. Grunsky and Her-

mann Barth.

A paper prepared by W. W. Waggoner, of Nevada City, entitled "The

Flow of Water with Uniform Motion," was read and discussed. The
paper was referred to the Executive Committee for further action.

The death was announced of Randell Hunt, civil engineer, member of

this Society.

It was moved by Professor Soule that a committee of three be

appointed, including the chairman, to draw up suitable resolutions in

memory of the deceased member. Carried.

The Chair appointed on this committee C. E. Grunsky and Otto von

Geldern. Adjourned.

Otto von Geldern, Secretary.
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Civil Engineers' Society of St. Paul.

St. Paul, Minn., December 6, 1897.—A regular meeting of the Civil

Engineers' Society of St. Paul was held at 8.15 p.m. Present twelve mem-
bers, Vice-President Crosby presiding. Minutes of previous meeting read

and approved.

A letter of Representative Woodman concerning the Association of

Engineering Societies was read, and the matter therein to be considered

was laid over to the next meeting.

Two proposed amendments to the Constitution were discussed.

Amendment to Article 3 was put on its preliminary passage and carried.

Amendment to Article 1, proposing a change of name, failed to pass on its

first reading.

Mr. Powell suggested that a committee be named to confer with the

City Charter Commission in regard to the office of City Engineer, and the

following committee was appointed, on motion of Mr. Estabrook: Mr.

Woodman, Mr. Powell, Mr. Crosby and Mr. Loweth.

C. L. Annan, Secretary.

St. Paul, Minn., February 7, 1897.—A regular meeting of the Civil

Engineers' Society of St. Paul was held at 8 p.m. Present ten mem-
bers. President Estabrook in the chair. Minutes of previous meeting

read and approved. The discussion of a program for the current year re-

sulted in continuing with the President the responsibility of providing mat-

ter for each evening's consideration.

The President read an illustrated paper on "Mining Pennsylvania An-
thracite Coal Thirty Years Ago." Most of the members present had a

word or two to say in regard to the various Western coals.

Adjourned at 10 p.m.

C. L. Annan, Secretary.

The Detroit Engineering Society.

Detroit, Mich., February 18, 1898.—The regular monthly meeting

was held at the Hotel Ste. Claire, President Jesse M. Smith presiding, and

twenty-two members and seven visitors present.

The applications of Messrs. M. Woolsey Campau and Andrew H.

Green, Jr., being reported upon favorably they were elected to resident

membership.

The paper of the evening, entitled "A Design for Permanent Track,"

by Mr. J. W. Schaub, member American Society Civil Engineers, was read

by the Secretary and produced an extended discussion, participated in by

Messrs. Smith, Torrey, Dunlap, Douglas, Molitor, Williams, Goldmark,

Robinson, Russell and Dow.
The thanks of the Society were extended by the President to the author

and to Mr. George H. Fenkell for the preparation of a diagram in illustra-

tion of the paper.

Adjourned.
Gardner S. Williams, Secretary.
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Meeting of Executive Committee at Room 36 Moffatt Block, February

18, 1898. Present Messrs. Smith, Dow, Keep and Williams. The applica-

tions of Messrs. Canipau and Green for resident membership were in-

dorsed, and bills for printing, $2.50, and for the Journal, $72.75, were
ordered paid.

Adjourned.
Gardner S. Williams, Secretary.

Montana Society of Engineers.

The regular monthly meeting of the Society was held February 12,

1898, in the Society's rooms, in Merchant's National Bank Building,

Helena, Montana. The meeting was called to order at 8 p.m. by Vice-

President F. J. Smith.

The other members present were Messrs. James H. Kerr, James S.

Keerl, F. J. Taylor, Finlay McRae, John W. Wade, T. M. Ripley and A. S.

Hovey.

The following applications for membership were favorably considered

and will be voted upon by letter ballot:

H. P. Clark, of Winston; E. I. Cantine, Helena; W. S. Fortiner, Ham-
ilton; and the following of Butte: R. D. Grant, D. E. Heller, John Mac-
Ginness, C. W. Clark, B. H. Dunshee, C. F. Booth. R. T. White, J. K.

Clark, A. J. Schumacher, C. H. Hand, August Christian, Samuel Barker,

Jr., Max. Hebgen, H. W. Turner, William E. Donovan. Classified pro-

fessionally, 7 are managers and superintendents of mines, 4 mining engi-

neers, 2 civil and mining engineers, 2 civil engineers, 2 electrical engineers

and 1 architect.

The report of the trustees was read. They approved the reports of the

Secretary and Treasurer; they recommended additional bookcases for the

library. A motion was carried to publish the proceedings of the eleventh

annual meeting held in Butte.

President Page appointed the following committees: State Engineer

and Road Laws—F. W. Blackford, of Butte; John Herron, Marysville;

and T. M. Ripley, Helena. The Committee on Papers are Eugene Car-

roll, of Butte; Finlay McRae, Helena; and E. R. McNeill, Boulder.

The Society was much encouraged by the interest and activity of the

Butte members. Some in particular are deserving of special credit. Plans

were discussed to increase an interest in the Society and of procuring more
papers. If any member offers as an excuse a lack of time, he will im-

mediately be referred to the Past President's closing remarks: "So true it

is, that it is not time which is wanting to men, but resolution to turn it to

the best advantage."

A. S. Hovey, Secretary.

Engineers' Club of Minneapolis, Minn.

Minneapolis, Minn., February 14, 1898.—Annual meeting held at

Hotel Hyser at 8 p.m.

Vice-President Irving E. Howe in the chair.

The minutes of the last meeting read and approved.

W. R. Hoag, chairman of the Committee on New Members, reported
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that the result of their labors was shown by the ten members elected at the

last meeting.

Tne Secretary then announced the following as proposed for member-
ship: K. Oustad, by I. E. Howe and E. H. Loe; F. D. Walker and Frank
Hewett, by W. R. Hoag and G. D. Shepardson; and C. H. Chalmers, by

G. D. Shepardson and H. E. Smith.

G. D. Shepardson, of the Board of Managers, reported that it had

been decided to discontinue sending duplicate copies of the Journal to

members of the board—that if the Club desired, not to exceed five copies

per member of board to which they are entitled, the Secretary should

notify Mr. Trautwine, and they would be sent to the Club. Also that the

board wished all societies to take Journals for their full membership.

The Secretary was directed, by motion, to notify John C. Trautwine,

Jr., Secretary, that our Club desires five copies sent to its Secretary for the

use of the Club, and that the Secretary place one copy in the Club's library,

and one in the Minneapolis Public Library.

The Chair, on motion, appointed G. D. Shepardson, Albert Graber and

E. H. Loe a committee to draft and present at the next meeting for adop-

tion an amendment and addition to Article XII of the Constitution, which
shall provide for the payment of annual dues to the Club of such amount
and in such manner as will enable the Secretary of the Club to place upon

the mailing list for the Journal of the Association Engineering Socie-

ties the names of all the members in good standing, and provide sufficient

funds for the other ordinary expenses of the Club, leaving the laying of

assessments only for use on extraordinary occasions.

Secretary and Treasurer's Report,

receipts.

Balance on hand last report, January 26, 1897 $8 Q2

Cash—Collected on old accounts 5 00

Cash—Initiation fees seven new members 35 00

Total $48 92

expenditures.

For postage, stationery and notices $10 56

refreshments and rooms, Nicollet House, Jan. 10, 1898... 35 50
" room, Hotel Hyser, February 14, 1898 2 00

48 06

February 14, 1898, balance on hand 86

Journal, 1897 account:

Received from 13 members $39 00

Expended, paid J. C. Trautwine, Jr., Secretary 33 50

Balance $5 So



Association
OF

Engineering Societies.
*

Vol. XX. MARCH, 1898. No. 3.

PROCEEDINGS.

Technical Society of the Pacific Coast.

Regular Meeting, held March 4, 1898.—Called to order at 8.30 p.m.

by President Molera.

The minutes of the last regular meeting were read and approved.

The following elections were made: Member, Waldemar Younger,

civil and military engineer, of Vladivostock, Russia; associate, Newton M.
Bell, of San Francisco.

The committee appointed to draft suitable resolutions in memory of the

late member, Randell Hunt,, civil engineer, presented a written memoir,

which was read and, upon motion by Professor Soule, ordered spread upon
the minutes and sent to the Journal of the Association for publication,

together with a photograph of the deceased member. A copy of these

resolutions and memoir to be sent to the widow.

Owing to the illness of Mr. Louis Falkenau, who was to have intro-

duced the subject of "High Explosives" for discussion, it was ordered that

this discussion be postponed for another meeting.

The President, Mr. Molera, thereupon addressed the Society informally

on the subject of the "Drainage System and Canal of the City of Mexico,"

having recently returned from an inspection of this extensive work. His

interesting description of the engineering features involved was discussed

by members present.

No further business appearing, the meeting adjourned.

Otto von Gf.t.fifrn, Spcrctnry.

Randell Hunt.—A Memoir.

By G. W. Percy, C. E. Grunsky and Otto von Geldern, Committee of
the Technical Society of the Pacific Coast.

Died January 24, 1898.

Randell Hunt, member Technical Society of the Pacific Coast, was born

in New Orleans, October 30, 1856.

He graduated at Yale with degrees in engineering and philosophy.

After leaving college, his first practical experience was gained in connection

with the New York public parks.
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In 1878 he established an office in Dakota, and identified himself

thoroughly with the principal engineering works of the then very active and
prosperous West. As a specialty, he devoted himself to bridge structures

and foundations, and all through his professional career these were the

particular branches in which he excelled and with which his name became
prominently connected. Until 1883 he remained in Dakota, with the excep-

tion of a period in 1879, when he was attached to the Mississippi River

Commission as hydraulic engineer in the investigations of that great water-

way. *

From 1883 until 1888 he was located at St. Paul, Minn., and employed

as constructing engineer by the Chicago, Burlington and Northwestern

Railway. He had charge of the bridge work, and under his direct super-

vision the noted Chippewa River Bridge was built.

In 1888 he came to San Francisco and began a general engineering

practice in the line of his specialty. A number of the bridges of this State

were designed by Randell Hunt and built under his direction. In 1889 he

was made the engineering expert of the contracting firm of Antonelle &
Doe, and his name became very prominent in the controversy regarding

the concrete foundations for the extensive State works on the sea wall at

the foot of Market street, in San Francisco; which caused considerable

interest at the time, he contending that the system of sinking the wall by
means of open floating caissons possessed innumerable advantages over the

method of constructing cofferdams for this work. He devised means for

an efficient and rapid execution in this direction, and defended his position

so ably that he converted the authorities to his ideas. The Harbor Com-
missioners finally permitted the use of this system, and the work was suc-

cessfully carried out. The total length of the wall to be constructed

aggregated 450 feet; seven caissons were made use of, six of them 70 feet

long and one 34 feet. They were sunk in depths of from 10 feet at low

water stage to 17 feet at high water. Only one set of sides and ends was
used for the six large caissons. The sides and ends were attachable and

detachable to and from the grillage forming the bottom of the structure.

These designs were very interesting, and all through this extensive work
this method of operation gave great satisfaction, for no mishap of any

serious consequence occurred.

With our late fellow-member engineering was more than the mere

means of making a livelihood. With an inborn love for his profession, he

gave to every case before him a careful and deliberate study; and if he

advocated his designs and upheld them with all the vigor of his energetic

character, it was because he was led by an honest conviction that he con-

tended for that which he knew to be right, and that nothing should influence

him to swerve from the path which he had laid out.

His name may be found frequently in the professional literature of

recent years. A paper read before the Technical Society of the Pacific

Coast, entitled "Cofferdams and Floating Caissons," was published, and

found a widespread circulation by frequent reprints in the principal engi-

neering journals of the country. In this paper the merits 01 the two methods

of founding were intelligently discussed. On the subject of foundations, a

number of valuable contributions from his pen are extant; a more recent

one considered the methods of founding modern high buildings in our

large cities, which appeared in the Journal of the Association of

Engineering Societies.
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For years he had carried the idea of publishing an extensive work on

the entire subject of foundations, and if he had lived this plan would have

been matured. As it was, ill health prevented him from finishing the

manuscript, which must now be left to others to arrange and complete.

In 1890 the firm of Doe & Hunt, engineering contractors, was estab-

lished, and it carried on a successful business for a number of years. Here
Mr. Hunt displayed great energy and activity, and the results of his labor

are manifest to-day in a great variety of existing public works. His last

work under the name of the firm was the very important construction of the

headworks and canal of the Turlock Irrigation District. This extensive

engineering operation would have been carried to a successful completion

by him had it not been for the suspension of all irrigation enterprises, by
reason of legal and financial difficulties that threatened disaster to almost

every irrigation district in California, the problem of recovery therefrom

not having been solved to this day.

In 1897 Mr. Hunt's services were engaged by the commission that had

been charged by the Government to decide as to the respective merits of

Santa Monica and San Pedro harbors for deep water improvement, and

shelter to vessels. Here he became the expert in the work of making
borings in the two localities, in order to establish the composition of the

materials of the respective harbor bottoms. Although then suffering from

a malady that proved incurable, and very ill at the time, he carried out this

trying work to the end, at a season when the conditions of the weather

made it a severe test for a man in health to have been so constantly in

attendance as he was.

This indomitable energy, to carry out whatever he had undertaken,

was one of the principal characteristics of his nature. Physical indisposi-

tion could not incapacitate him. As long as he could be about he per-

formed his full share of the work—and this he did to the very end of his

useful life.

Socially he was the most estimable of men. His early training and

education had opened his mind to all the ennobling influences of culture

and art, and, while he devoted himself to the advancement of his profession,

he never lost sight of the many other elements that make up human
progress. Classic literature and the literature of the day were known to

him as to few others, and he delighted to converse on these subjects with

those about him who enjoyed his more intimate acquaintance. He was

a most genial companion, alive to every interest, kind-hearted, devoted to

his family and friends and always ready to assist others in giving aid and

advice.

His father, the Hon. Wm. H. Hunt, was a very prominent man in his

day. Under the administration of President Garfield he was Secretary of

the Navy; after Garfield's death he was sent to Russia as Ambassador to

represent the United States. He died in St. Petersburg in 1885, full of

honors and mourned by two great nations.

In Randell Hunt our Society has lost one of its most active and

respected members; a loss that we deeply deplore, and one we cannot

readily replace. He became a member in 1890, and held a position in the

Executive Board for a number of years.

It is therefore most proper to give expression to our feeling and to

extend our sympathies to his surviving family. He leaves a wife and two



30 ASSOCIATION OF ENGINEERING SOCIETIES.

little girls to mourn his untimely death. He was taken from them in the

prime of his years, when a splendid career of usefulness opened up before

him. And this seems sad, indeed, that a life so valuable, so pure and
noble, should cease when it could least be spared. Our colleague is no

more, but he will be remembered by all of us, not only as an engineer of

high quality, but as a man of many virtues and broad principles, who had

made it the maxim of his life to maintain fearlessly an honest conviction

under all circumstances.

He died January 24, 1898, after a lingering illness of several weeks.

Members of the Technical Society bore his body to its last resting place

and confided it sacredly to the earth. Committee.

Civil Engineers' Club of Cleveland.

Cleveland, March 8, 1898.—The annual meeting of the Club was

called to order at 8 p.m. by President Ritchie in the chair. Present thirty-

eight members and four visitors. The minutes of the last meeting were read

and approved.

The monthly report of the Executive Board was read.

Messrs. Robert Hoffman and C. O. Palmer were appointed tellers to

canvass ballots for members and officers.

The annual report of the Executive Board was read, and on motion

accepted and ordered placed on record. Following this were the reports of

the Secretary, Treasurer and Librarian, each of which was accepted and

ordered placed on record. Mr. Porter made a report for the Program
Committee reviewing the technical work of the Club for the year. The
report was accepted.

Under the head of correspondence a letter was read from John Walker,

of Chicago, and another from Professor Short, of Cleveland, each of which

commends the plan adopted for acquiring a Club house. Under the head

of miscellaneous business Mr. Mordecai stated that lie had received a verbal

invitation from Mr. Trowbridge, of the Telephone Company, for the Club

to visit the new Central Station some Saturday afternoon. A written invi-

tation is, however, expected, on which the Club may act.

The President called the attention of the Club to the death of George E.

Hartnell, who was formerly a member, having been elected in 1887, but dis-

continued his membership in 1896.

The tellers having made their report in due form the President an-

nounced the election of John Frederick Corlott as associate member. He
also announced that fifty-seven legal ballots had been cast for the election

of officers, and that the entire ticket had been unanimously elected, as fol-

lows:

President—Frank C. Osborn.

Vice-President—Samuel T. Wellman.

Secretary—Wm. H. Searles.

Treasurer—Walter Miller.

Librarian—Wm. E. Reed.

Directors to serve one year—Joseph R. Oldham, Samuel T. Dodd.
Directors to serve two years—Ralph A. Harman, Chas. W. Hopkinson.
Those of the newly elected officers present were called upon by name,

and short acknowledgments were made by Mr. Searles, Mr. Reed and Mr.
Oldham.
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Mr. Warner remarked that he missed the individual reports from the

members of the Program Committee which were formerly given at annual

meetings, and wished they might appear again. Mr. Mordecai seconded the

wish. Mr. Porter replied that the Program Committee had discussed the

matter, and had voted to leave the report entirely to the chairman.

The Club then listened to an informal address from President Ritchie.

He introduced his remarks by saying that the several reports show quite

well the state of the Club. They are not very flattering, yet about as usual.

The question of the new house is very important and should be sustained.

He referred to those who have died during the past year, Royal Gurley and

F. A. Coburn, and gave short sketches of their characters. He then re-

ferred to certain new enterprises which had been completed near Cleveland

during the past year, namely, the Lorain and Cleveland Electric Railway,

which is very well built and equipped and is operated at a very high rate of

speed, making the distance of 19 miles between Rocky River and Lorain

in 28 minutes, including stops. The remainder of his remarks were de-

voted to a description of the new shipyard at Lorain, built for the Cleveland

Ship Building Company. He exhibited tracings of the plan of the yard and

dry dock, and of the principal buildings, and described those severally in

detail, giving many interesting items.

At the close of his remarks a short discussion followed, in which Mr.

Oldham said that in his opinion the shipyard just described was doubtless

the most efficient shipyard in the world, and he was familiar with most of

them. Many of the old shipyards had grown hy gradual enlargements,

while this new yard was one complete design. It contained the best ap-

pliances, the most modern machinery and most complete arrangement for

the construction of steam vessels. Every machine has a direct motor for

driving it, and there are 24 motors. The shipyard at Newport News is

larger than this, but not so late or complete in design. The largest ship

builder in the world had visited the Lorain yard, and had told the speaker it

had not its equal. The owners of the yard are thoroughly satisfied with the

results attained, and our President is to be congratulated upon the entire

success of the undertaking.

Mr. Warner alluded to the suggestion made last year that the Club

would be invited at some time to visit this yard, and hoped the excursion

might yet be made. The President replied that it was the intention of the

company to extend an invitation on the occasion of the first launch, which
would probably take place some time in April.

Mr. Mordecai moved that the cordial thanks of the Club be extended to

the retiring officers for their services during the past year, which was sec-

onded and received unanimous vote.

Adjourned at 9.45 p.m.

Wm. H. Skart.es, Secretary.

ANNUAL REPORT OF THE EXECUTIVE BOARD FOR THE
YEAR ENDING FEBRUARY 28, 1898.

Presented at the Annual Meeting, March 8, 1898.

The Executive Board in compliance with the Constitution presents its

report for the year ending February 28, 1898.
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MEMBERSHIP.

On the 1st of March, 1897, the total membership was 181, composed of

142 active, 21 associate, 14 corresponding and 4 honorary members.

During the year 35 candidates have been elected to membership, but as

6 of these failed to qualify the total accessions number 29. Of these 26 are

active and 2 associate members, and 1 honorary member.
Twelve active members and 1 corresponding member have resigned, 5

names have been cancelled for non-payment of dues, and two members
have been taken from us by the hand of death.

The total loss is therefore 20, leaving a net gain of 9. Two active

members have transferred to the corresponding class. As the final result

the present membership is 190, composed of 149 active, 22 associate, 14 cor-

responding and 5 honorary members.

The resident members number 165, and the non-resident 25.

MEETINGS.

The number of meetings held during the past year is 15. The total

attendance was 524 members and 86 visitors, an average of 35 members
and 6 visitors.

The practice of serving a light luncheon after meeting as a means of

increasing mutual acquaintance and sociability has been steadily adhered

to. The results are not so marked as had been hoped for, the incon-

venience of having to go some distance to a restaurant being quite a differ-

ent thing from surrounding a table on our own premises. The number of

luncheons after meeting was 14 with an average attendance of 32, or 90 per

cent, of the average attendance at the meetings. The average cost of the

luncheons has been $10.50.

EXECUTIVE BOARD.

The present board has had a very unusual experience in the loss of its

members. Of the 7 elected one year ago, 1, our late Secretary is dead, and

2, Mr. Barber and Mr. Jewett. resigned their seats on account of removal

from the city. Another being ill for several months reduced the board to a

mere quorum. However, the board has held 15 sessions with an average

attendance a little less than 5. In future the larger board will probably be

less likely to meet with a similar embarrassment.

NEW QUARTERS.

The discussion begun a year ago regarding the purchase of a house

for the Club has not as yet reached very practical results, but the interest

awakened in the enterprise promises well for its ultimate success. The
serious loss of members that the Club sustains from year to year by resigna-

tions, and the indifference of many with regard to paying their dues shows

that the Club is not offering sufficient inducements or attractions to awaken
the enthusiasm and loyalty of its members. While other organizations

have pushed forward to a marked success, this Club has been content to

pursue the old routine regardless of competition. It would seem to devolve

on every member, who has the future success of the Club at heart, to lend

his energies and means toward the development of the plans for progress

already adopted by the Club.

LIBRARY.

For the state of the library reference is made to the detailed report of

the Librarian.
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FINANCES.

The reports of the Secretary and Treasurer upon the finances of the

Club are appended. The report of the Treasurer has been audited by the

Finance Committee, and indorsed as correct.

By order of the Executive Board.

Wm. H. Searles, Secretary.

REPORT OF THE SECRETARY FOR THE YEAR ENDING
FEBRUARY 28, 1898:

PERMANENT FUND.

Balance March 5, 1897 $550.85

Receipts from fees, current year $145.03

past year 5.00

interest, one year 22 05 172.05

Balance February 28, 1898 $722.90

GENERAL FUND.

Balance March 5, 1897 $365.66

Receipts from dues for 1897-98 $1,477.34
' past years 1 18.00

one subscription to Journat 3.10 1,598.44

CREDIT.

Disbursements $1,803.92

Balance February 28, 1898 160.18

$1,964.10 $1,964.10

LIBRARY FUND.

Balance March 5, 1897 $17.98

Receipts from Library Committee 120.00

CREDIT.

Disbursements for Library account fi 14.26

Balance February 28, 1898 2^.72

$137-98 $137.98

The disbursements from the General Fund are distributed as follows:

Publications (Journal) $603.75

Printing 38i-95

Stationery 46.07

Postage and express 88.35

Stenographer 37-6o

Salaries of clerks 104 20

Memorials for the dead 3690

Certificates of membership 9.00

Furniture 12.75

Minor expenses 10.30

Case Library memberships 160.00

Rent of room 75-00

Social account 238.05

$1,803.92
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The payments upon the Journal are for five quarters, from the 1st of

January, 1897, to the 1st of April, 1898.

The payments for printing include the cost of 300 copies of the con-

stitution and list of members and library catalogue, and $44.50 worth of

printing done for the Banquet Committee, which should more properly

have been charged to the Social Account.

The amount charged to the Social Account includes the cost of four-

teen luncheons after meeting, one luncheon at the water-works tunnel,

several bills of engraving for the last banquet and a deficit of $46 in the

Banquet Committee's funds.

Altogether, the last banquet cost the treasury $124.13, showing that the

price of the tickets was at least one dollar too low, or that greater economy
should have been practiced in the expenses incurred. The annual banquet

should not be a charge upon the treasury.

There remained uncollected on February 28, 1898, dues to the amount
of $378 and the charges on the books of the Club against those whose
names have been cancelled for non-payment of dues amount to $149, which

may be regarded as an absolute loss.

A stricter insistence by the Executive Board upon the constitutional

requirements might have saved the Club a part of this loss. If the Club is

to assume the character of a permanent institution in a house of its own, it

will be necessary to conduct all its affairs upon a strict business basis. But

the better view to take of this matter is to make the Club so important and

honorable an institution in the city, offering such advantages and attrac-

tions to its members, that each one would regard his obligations to the

Club as a debt of honor which it would be his privilege to pay at the

earliest opportunity.

All of which is respectfully submitted.

(Signed) Wm, H. Searles, Secretary.

TREASURER'S REPORT, MARCH 9, 1897, TO FEBRUARY 28, 1898:

RECEIPTS.

"From ex-Treasurer Wallace, General Fund $395.66

" " " Library Fund 17.98 $413-64

From entrance fees 150.00

" A. Lincoln Hyde, Library subscriptions 120.00

" memberships dues 1,565-34

" Subscription to Journal 3- I0

DISBURSEMENTS.

Soc. for savings, Permanent Fund $150.00

Association Journal 603.75

Rent 75-00

Case Library memberships 160.00

Reporting 37-6o

Library Account 1 14.26

Printing, stationery, postage, clerk hire, luncheons and

sundries 927-57

Balance on hand General Fund 160.18

Library Fund 23.72 183.90

$2,252.08 $2,252.
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PERMANENT FUND.

Balance March 9, 1897 $550.85

Deposited since 150.00

Interest credited 22.05

Total $722.90

(Signed) Hiram Kimball, Treasurer.

Audited and approved by Finance Committee.

(Signed) Frank C. Osborn,
Chairman Finance Committee.

LIBRARIAN'S REPORT.

During the year 1897 we have received regularly, in addition to various

Government, btate and city reports, bulletins and pamphlets, the following

scientific periodicals: '"Proceedings American Society of Civil Engineers,"

Journal Association of Engineering Societies, "Transactions Cana-

dian Society of Civil Engineers," Cassier's Magazine, Chicago Journal of

Commerce, Deutsch-American Technicher Verbandes-Mittheilungen, ''Digest of

Physical Tests," "Proceedings Engineers' Club of Philadelphia," "Pro-

ceedings Engineers' Society of Western Pennsylvania," Iron Age, Maschinen

Constructeur, Master Steam Fitter, Modem Machinery, Railway Master

Mechanic, "Memoirs Societe des Ingenieurs Civil de France," Street Rail-

ivay Review, Western Society of Engineers' Journal.

We are indebted to the following members for donations mentioned:

To Mr. N. P. Bowler for Vols. 3 and 6 of the "American Institute of

Mining Engineers;" to Mr. Joseph R. Oldham for a copy of "The Great

Lakes Register of Shipping," of which he is the author; to Col. Jared A.

Smith for a copy of his "Annual Report for 1896," and to Mr. Ambrose
Swasey for two valuable framed photographs of the Forth Bridge.

In the Association of Engineering Societies it is important to note the

succession of Prof. G. D. Shepardson, of the University of Wisconsin, to

the position so well maintained, as Chairman of the Association, by Mr.

S. E. Tinkham, of Boston; also the admission into the Association of the

Engineers' Society of Western New York; also the reduction in the

assessment for the Journal for the last quarter of 1897 from 75 cents to 25

cents per member.

The total number of papers published in the Journal during the year

was forty-seven, and of this number only six were contributed by members
of this Club. This showing does not compare favorably with our record

for 1896, when we contributed nine papers out of a total of forty-three; but

this is partly due to the delay in preparing papers for publication, and a

better showing will undoubtedly be made in the next volume. The Pro-

gram Committee prepared an excellent calendar, and it is to be regretted

that the committee was not supported by all the members to whom dates

were assigned.

The Library Fund, which was started by Mr. Culley, contained

originally the names of forty-two subscribers at $5.00 each, and $210 was

paid in. Of the original forty-two, thirty-seven signed for five years, one

for two years and four for one year. Three five-year subscribers were
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added to the list. As the list now stands, there are forty-five subscribers

for the year 1895, and of the $225 due for that year $220 has been paid in.

For the year 1896 there are forty-two subscribers, and of the $210 due $150

has been paid to the writer and $5 to the Treasurer. For the year 1897

there are thirty-nine subscribers, and of the $195 due $125 has been paid in.

Mr. Fayette Brown has also paid his subscriptions for the years 1898 and

1899. The amount of money received by the writer is as follows: $10

for 1895, $150 for 1896, $125 for 1897, $5 for 1898 and $5 for 1899, a total of

£295. Of this amount $120 has been paid to the retiring Treasurer, whose
accounts for the year have been closed, and the balance of $175 will be

paid to the incoming Treasurer as soon as he assumes office.

Although sixty-four new books have been ordered for the Club, only

thirty-two have as yet been placed on the shelves. The others will un-

doubtedly be received in the near future.

As its part of the agreement, the Case Library has placed seventy books
on the shelves during the year.

The list of the "Transactions of the American Society of Civil

Engineers" has been made complete. We have all volumes of the

Engineering News except 1, 2 and 3, and all volumes of the Engineering

Record except 1 and 2.

An effort should be made to obtain all of the missing volumes of the

scientific periodicals in our possession, and a complete card catalogue of

the scientific books and other property of the Club should be made at an

early day, as the work of preparing such a catalogue will be more laborious

the longer it is delayed. It is desirable to have the books on our shelves

in proportion to the membership of the different branches of engineering,

and an effort in this direction was made in the purchases during the past

year. We are a civil engineers' club in name only. Some of our best and

most active members are mechanical and electrical engineers, and others

are chemists and scientists. Though a civil engineer myself, I hope to see

in the near future the name of our Club in keeping with its membership,

the Engineers' Club of Cleveland.

All of which is respectfully submitted.

(Signer]) A. T.TNroT.N Hydf.. Librarian.

Engineers' Club of St. Louis.

468TH Meeting, March 2, 1898.—The meeting was held at 1600 Lucas

Place at 8 p.m.; with President Bryan in the chair Thirty-one members

and eight visitors were present. The minutes of the 467th meeting and the

254th meeting of the Executive Committee were read and approved.

The Secretary announced that he had received applications for mem-
bership from Mr. Oliver W. Childs, engineer for the Stupp Bros. Bridge

and Iron Co., and from Mr. Leo Charles Dziatzko, engineer with the

Mississippi River Commission.

The application for membership of Mr. Wm. Anderson Caldwell, Jr..

having been favorably reported upon by the Executive Committee, this

gentleman was balloted for and elected a member of the Club.

Prof. J. H. Kinealy as chairman of the Entertainment Committee then

made a verbal report. He outlined what the Entertainment Committee

wished to do and stated that they had no funds to carry out their purposes.
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A motion was made by Mr. Colby that the profits in the publication of 1898

Bulletin be used as an Entertainment Fund. After some discussion this

motion was carried. .

The paper of the evening by Mr. Wm. H. Bryan, entitled "Recent Im-
provements in Steam Ferries" was then read. After reviewing the objects

of ferries and the different methods which had been used in their operation,

the author described a steam ferry boat which has recently been put into

operation in this city. The boat is called the "Andrew Christy," and em-
bodies some radical changes in Mississippi River ferry boat construction.

The paper was well illustrated by drawings. An informal discussion fol-

lowed, participated in by Messrs. Ockerson, Flad, Fish, Crosby, McMath,
Russell and Kinealy.

There being no further business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.

469TH Meeting, March 16, 1898.—The meeting was held at the Club's

rooms, 1600 Lucas Place, at eight o'clock; with President Bryan in the

chair. Twenty-seven members and eleven visitors were present. The
minutes of the 468th regular meeting and the 255th meeting of the Execu-

tive Committee were read and approved.

An application for membership was announced from Mr. Will Levy,

architect.

The Executive Committee having favorably reported upon the applica-

tions for membership of Messrs. Oliver W. Childs and Leo Charles

Dziatzko, these gentlemen were balloted for and elected members of the

Club.

The President read an estimate as to the cost of publishing the T898

bulletin and the receipts from the advertising.

The paper of the evening, by Mr. E. W. Sterne, was then read. It was

entitled "The Steel Frame of the St. Louis Coliseum," and treated of the

roof which has lately been built over the Coliseum building in St. Louis.

The paper gave a general description of the arches, the loads for which the

strains were figured and the grade of steel used in the construction. The
details of the various members and the methods by which the expansion

was taken care of were described. In the shop work the arch was laid out

full size on a laying out floor. The author explained the methods by which

the foundations and the hinge pins were accurately located. The paper was

illustrated by numerous drawings and lantern slides. The discussion which

followed was participated in by Messrs. Ramsey, Johnson. Hermann, Bor-

den, Connor and Crosby.

Professor Johnson presented by title a paper by Mr. Carl G. L. Barth,

entitled "Investigation of Columns."

Mr. Crosby called attention to the fact that girders were being taken

out of the Polytechnic Building which had been in service about twenty

years, and stated that this was a good opportunity to observe the effect of

rust upon this class of work.

There being no further business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.
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Engineers' Society of Western New York.

The regular meeting of the Society was held March 7, when Prof. R. C.

Carpenter, of Cornell University, lectured on "Laboratory Experimental

Work at Cornell." The lecture was very interesting, with its accompani-

ment of stereopticon views showing the laboratory equipment and excellent

facilities for scientific research. Among the works of research explained

were the experiments concerning the crystallization of iron and the effi-

ciency of chain and chainless wheels. The lecturer emphasized the fact

that considerable power was absorbed in tires of different grades, more so

than in certain mechanical means of propulsion.

Prior to the lecture, the Librarian was empowered to secure a suitable

library case, harmonizing with the appointments of the rooms of the

Academy of Natural Sciences, the freedom and use of which has been

extended to our Society.

The Secretary was authorized to secure an enlarged portrait of the

late Geo. E. Mann, member American Society Civil Engineers, and first

President of our Society. The Secretary was further authorized to compile

a Year Book at an expense not to exceed $25.

H. J. March, Secretary.

Detroit Engineering- Society.

Detroit, Mich., March 25, 1898.—The regular meeting was held at

the Hotel Ste. Claire; Vice-President Alex. Dow presiding, with twenty-

five members and seven visitors present.

The following papers were read by their authors: "The Ironwork

for the Light Guard Armory," by Thos. F. McCrickett, and "Properties of

Concrete under Compressive Stresses," by David A. Molitor, and were

discussed by Messrs. Greene, Goldmark, McMath, Dow, Bainbridge, Wil-

liams, McCrickett and Molitor.

The names of Messrs. Albert E. Greene and Geo. True were proposed

for resident membership.

The annual meeting was announced for April.

Adjourned.
Gardner S. Williams, Secretary.

Meeting of Executive Committee at 232 Jefferson avenue, March 25,

1898. Present Messrs. Dow, Keep, Russel, Pope, Hinchman and Williams.

Messrs. Pope and Keep were appointed a committee to audit the Treasurer's

accounts.

The Secretary and Treasurer were appointed a Committee on Annual

Meeting, and authorized to expend $125, and the President and Secretary

were made a Committee on Invitations.

The death of Joseph De Gurse, member of the Society, was announced.

Adjourned.
Gardner S. Williams, Secretary.

Engineers' Club of Minneapolis.

Minneapolis, Minn., March 14, 1898.—The regular meeting of the

Engineers' Club of Minneapolis, Minn., was held at Hotel Hyser, at 8
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o'clock p.m., March 14, 1898; the President, F. W. Cappelen, in the chair.

The minutes of the previous meeting were read and approved.

The committee for revising Section XII of the Constitution of the

Club reported as follows:

Section XII, as it now stands, reads as follows:

Any person duly elected shall become a member on subscribing his

name to the Constitution and paying five dollars to the Secretary. He
shall also be liable for the payment of such assessments as shall be voted

by the Club. Any member of any other Society in the Association of

Engineering Societies, in good standing, may become a member of this

Club, when duly elected, without paying the initiation fee, and with a

release from annual dues for such period, not over one year, as he may
show by certificate he has paid in advance in the Society from which he

comes.

It is recommended that the following be inserted after the close of the

first sentence:

Each member shall pay annually to the Secretary the sum of five dollars

as annual dues, which shall include his subscription to the Journal of the
Association of Engineering Societies.

After some discussion, Mr. Redfield made a motion, as an amendment
to the Section XII of the Constitution, that the initiation fee of five dollars

shall cover all dues of the year in which the members were elected, and

that the annual dues for other members be five dollars.

Mr. Howe made a motion to amend Mr. Redfield's amendment, so as

to make the dues of new members three dollars for the first year. Amend-
ment lost.

Mr. Redfield's motion was then carried.

Professor Hoag then moved that the report of the committee be

accepted. Carried.

The names of those proposed for membership at the last meeting were

then read. Mr. Nexsen then moved that the Secretary be instructed to cast

the ballot of the Society for the election to membership of Messrs. K.

Oustad, C. H. Chalmers, F. B. Walker and Frank Hewett. Carried.

The names of Mr. Morgan Brooks, president of the Electrical Engin-

eering Company, and Mr. J. S. Webster, with the Gugler Electric Com-
pany, were presented as suitable persons to become members by G. D.

Shepardson and C. L. Pillsbury, and the names of Frank L. Bachelder,

James M. Tate and Anthony Zeleny were presented by Professor Hoag
and Professor Smith.

The President then read invitations to the Club from the Union Sewer

Pipe Company, of Redwing, Minn., and from the Minneapolis Rolling Mill

Company, asking the Club to set a time for making a trip of inspection to

their respective works. A motion was made' that these invitations be

accepted. Carried.

It was decided that the visit to the Minneapolis Rolling Mill be made

on the evening of March 28, and that the trip to Redwing be taken April 16.

Mr. Irving E. Howe then read an interesting paper on the "Seventh

Street Pavement of the City of Minneapolis, Minn."

The second paper of the evening was read by Prof. H. E. Smith, on

"Some Effects of Heating and Working upon Iron and Steel." The several

points of the paper were illustrated by means of numerous samples.
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It was moved and carried that both papers be printed in the Journal
of the Association.

After a short social period, the meeting adjourned.

Members present, Messrs. Cappelen, Pillsbury, Howe, Nexsen, Graber,

Ulstrup, Hoag, Redfield, Stoopes and Smith. Visitors, Messrs. J. H. Gill

and H. B. Avery.
H. E. Smith, Secretary.

Montana Society of Engineers.

Meeting Held March 17, 1898; Vice-President F. J. Smith presiding.

There were eight members present. The application for membership by

Wm. Trautwine Shaw was favorably considered, and the Secretary directed

to send out the usual letter ballots.

There were eighteen elected to membership, as follows: H. P. Clark,

of Winston; E. I. Cantine, Helena; W. S. Fortiner, Hamilton, and the

following of Butte: R. D. Grant, D. E. Heller, John MacGinness, C. W.
Clark, B. C.'Dunshee, C. F. Booth, R. T. White, J. K. Clark, A. J. Schu-

macher, C. H. Hand, August Christian, Samuel Barker, Jr., Max Hebgen,

H. W. Turner, Wm E. Donovan. Thirty-nine votes cast, all affirmative.

A vote of thanks was tendered Hon. T. S. Hogan, Secretary of State,

for a valuable contribution to the library; also to B. F. Sturtevant Company
for a treatise upon "Mechanical Draft," edited by Mr. Walter B. Snow.

The Secretary was appointed a committee of one to report upon the neces-

sities of the library in the matter of bookcases, the cost of same and the

condition of the treasury. The subject of solar transits was discussed,

including the recent invention of J. B. Davis. The Secretary has requested

Ulmer & Hoff, of Cleveland, Ohio, the makers of this instrument, to send a

descriptive pamphlet of same to each member of the Society.

The Engineers' Society of Western New York requests the following

information from the Montana Society of Engineers:

First.—Is there any legislation in your State which requires any special

qualifications for the practice of engineering and surveying?

Second.—If so, could you give me any information as to how such

legislation was obtained, and a copy of such act, if possible?

Third.—Have you any suggestions to offer in connection with such

proceedings?

The next regular meeting of the Society will be held in its rooms in

the Merchants' National Bank Building, Helena, Montana, on April 9, 1898,

at 8 p.m.

Program for the meeting will be announced at a later date.

A. S. Hovey, Secretary.

Owing to the Montana Society oi Engineers being a State organiza-

tion with its members scattered throughout the State, many of whom
receive but little benefit from the library, the Society does not consider it

just or advisable to subscribe for periodicals. The periodicals which it

receives are through exchange, and are bound and preserved in the library.

List of periodicals received: Engineering Record, New York, N. Y. ; Railway

Master Mechanic, Chicago, 111.; xndian Engineering, Calcutta, India; The

Irrigation Age, Chicago, 111.; Railway Age, Chicago, 111.; Engineering and
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Mining Journal, New York, N. Y. ; Official Gazette U. S. Patent Office, Wash-
ington, D. C. ; Journal of Association of Engineering Societies, Philadelphia,

Pa.; Chicago Journal- of Commerce, Chicago, 111.; Journal of the Western

Society of Engineers, Chicago, 111.; Proceedings of Engineers' Club of Phila-

delphia, Philadelphia, Pa. ; Journal of the Massachusetts Highway Association,

Boston, Maos.; Modern Machinery, Chicago, 111.; Engineering, New York;

Journal of National Association of German-American Technologists, Philadel-

phia, Pa.; School of Mines Quarterly, Columbia University, New York;

Transactions of the Liverpool Engineering Society, Liverpool, England;

Railway Review, Chicago, 111.; Proceedings and Transactions of the Nova
Scotia Institute of Science, Halifax, Nova Scotia; Travels, London, Eng-
land; Bulletins upon Water Supply and Irrigation U. S. Geological Survey,

Washington, D. C. ; Bulletins Montana Agricultural Experiment Station,

Bozeman, Mont.; Bulletins State agricultural College, Fort Collins, Col.;

Bulletins University of Wisconsin, Madison, Wis.; Bulletins Engineers'

Club of St. Louis, St. Louis, Mo.; Transactions of the Academy of Science,

St. Louis, Mo.; The Technology Quarterly, by Massachuetts Institute of

Technology, Boston, Mass.; The Transit, Engineers' Society, State Univer-

sity of Iowa, Iowa City, Iowa; Publications of Lehigh University, South

Bethlehem, Pa.
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Boston Society of Civil Engineers.

February 16, 1898.—A regular meeting of the Boston Society of Civil

Engineers was held in Chipman Hall, Tremont Temple, Boston, at 7.45

o'clock p.m.; President Dexter Brackett in the chair. Eighty-seven mem-
bers and visitors present.

The record of the last meeting was read and approved.

[Messrs. William W. Cummings and Moses G. Woodward were elected

members of the Society.

On motion of Mr. J. P. Snow, the thanks of the Society were voted to

Messrs. Walter B. Douglass, Arthur C. Holt and Charles N. Fitts, of the

New England Structural Company, for courtesies shown to the members of

the Society on the occasion of the visit this afternoon to the shops of that

company.

The literary exercises consisted of a series of papers, illustrated by
lantern slides, on the "Abolition of Grade Crossings on the Main Line of

the Boston and Albany Railroad in Newton." Mr. William Parker de-

scribed the depression of the tracks, Mr. Irving T. Farnham, the Washing-
ton street widening and the various changes in the streets and drains cross-

ing the railroad, and Mr. W. G. S. Chamberlain spoke particularly of the

bridge construction in connection with the work.

Adjourned. S. E. Tinkham, Secretary.

Annual Meeting, March 16, 1898.—The annual meeting of the Boston

Society of Civil Engineers was held in Chipman Hall, Tremont Temple,

Boston, at 7.50 o'clock p.m.; President Dexter Brackett in the chair. One
hundred and ten members and visitors present.

The record of the last meeting was read and approved.

Messrs. Walter R. Addicks, Edward B. Carney, Christopher Harrison,

Joseph R. Hews, Sidney Hosmer, Charles G. Hyde and John W. Link were

elected members of the Society, and Messrs. Charles G. Craib and George

C. Dunne were elected associates.

The President read the annual report of the Board of Government, and

by vote it was accepted.

The Secretary and the Treasurer each presented his annual report, and

by vote they were accepted.

The report of the Committee on Weights and Measures was read by its
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chairman, Mr. Main, and, after a short discussion by Mr. A. H. Howland,

the report was by vote accepted.

The Librarian read the annual report of the Committee on the Library,

and by vote it was accepted. It was also voted to appropriate $50 for bind-

ing and other library purposes.

On motion of Mr. A. H. French, it was voted, "That the Board of

Government be requested to consider and report to the Society upon the

expediency of appropriating not exceeding $50 annually for the purpose of

supplying the library with standard engineering works."

Mr. Kimball presented and read the report of the Committee on Muni-

cipal Civil Service, and by a vote it was accepted.

Mr. FitzGerald, for the Committee on Quarters, made a brief verbal

report, which was accepted.

The report of the Committee on Excursions was read by its chairman,

Mr. Fletcher, and by vote was accepted.

On motion of Mr. Stearns, it was voted that the question of continuing

the several special committees of the Society and the selection of the mem-
bers thereof, and the question of printing the various reports which have

been received this evening, be referred to the Board of Government with

full powers.

Mr. Stearns proposed in writing an amendment to By-law 6, by sub-

stituting the word "four" for the word "two" in the last line of the first

paragraph.

On motion of Mr. Guppy, the thanks of the Society were voted to

Mr. Benjamin W. Wells, Superintendent of Streets of Boston; to the man-

agement of the Eastern Dredging Company, and to Messrs. Brayman
Brothers, for courtesies shown the Society this afternoon.

Messrs. F. I. Winslow and C. W. Sherman, the tellers of the election,

submitted the result of the letter-ballot for officers. There being no elec-

tion for President and Vice-President by letter-ballot, the meeting pro-

ceeded to chose from the two candidates having the highest number of

letter-ballots.

The President announced, as the result of the balloting, the election of

the following officers:

President—Howard A. Carson.

Vice-President (for two years)—Alexis H. French.

Secretary—S. Everett Tinkham.

Treasurer—Edward W. Howe.
Librarian—Frank L. Fales.

Director (for two years)—X. H. Goodnough.
Mr. William E. McClintock then delivered an address on "Roads,"

which was very fully illustrated by lantern views showing the roads which
the Massachusetts Highway Commission have constructed throughout the

State.

Adjourned. S. E. Tinkham, Secretary.

Annual Report of the Board of Government for the Year 1897-98.

Boston, Mass., March 16, 1898.

To the Members of the Boston Society of Civil Engineers

:

In compliance with the provisions of the Constitution, the Board of

Government submits its report for the year ending March 16, 1898.
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At the annual meeting a year ago the total membership of the Society

was 436, of which 427 were members, 5 honorary members and 4 associates.

During the past year we have lost 12 members, 2 by death, 2 by resig-

nation and 8 by forfeiture of membership for non-payment of dues.

There have been added to the Society during the year 37 members.

Our present membership consists of 5 honorary members, 3 associates and

453 members; a total of 461.

The record of deaths for the year is as follows: Thomas Doane, died

October 22, 1897; William C. Hall, died December 6, 1897.

Ten regular meetings have been held during the year, and the sixteenth

annual dinner of the Society was given at the Hotel Brunswick, on March
8, 1898.

The average attendance of members and visitors at the regular meetings

was 95; the largest attendance was 127, and the smallest 82. The number
present at the annual dinner was 161.

The following papers have been read at the several regular meetings:

March, 1897.—Address of President George F. Swain, "The Status of

the Engineer."

April, 1897.
—"Construction Work on Abolishing the Grade Crossings

in Brockton, Mass.," by J. W. Rollins, Jr. (Illustrated.) "Memoir of Mar-
shall M. Tidd."

May, 1897.
—"On the Origin of the Chezy Formula," by Clemens Her-

schel. "Meteorological Investigations in the Free Air, at the Blue Hill

Observatory, Milton, Mass.," by Mr. A. Lawrence Rotch. (Illustrated.)

June, 1897.
—

"Railroads: Their Development and Methods of Loca-

tion," by C. Frank Allen. (Illustrated.)

September, 1897.
—"Work of the Metropolitan Water Supply of Massa-

chusetts," by F. P. Stearns. (Illustrated.) "Memoir of Horace L. Eaton."

October, 1897.
—"The Manufacture and Inspection of Water Pipe," by

Thomas H. Wiggin. (Illustrated.)

November, 1897.
—"The Strength of Sewer Pipe and the Actual Earth

Pressure in the Trench," by F. A. Barbour.

December, 1897.
—"The Erection of Metallic Bridges," by F. P. Mc-

Kibben. (Illustrated.)

January, 1898.
—"Hydrographic Investigations of the United States

Geological Survey," by Mr. Frederick H. Newell. (Illustrated.)

February, 1898.
—

"Abolition of Grade Crossings in Newton, Mass.," by

William Parker, W. G. S. Chamberlain and I. T. Farnham. (Illustrated.)

The informal meetings of the Society have been continued during the

year. The subjects discussed have been as follows:

March 31, 1897.
—

"Distribution Work of the Metropolitan Water

Board," by Dexter Brackett.

April 7, 1897.
—"Work in Connection with Metropolitan Sewerage," by

William M. Brown, Jr.

April 14, 1897.
—

"Public Improvement Projects, and Records Relating

to Them," by Henry B. Wood.
December 8, 1897.

—"Work of the Metropolitan Park Commission," by

W. T. Pierce.

December 29, 1897.
—"Winchendon Water Works," by F. L. Fuller.

January 5, 1898.
—"Pneumatic Postal Service," by Mr. B. C. Batcheller.
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January 12, 1898.
—"Track Work of the West End Street Railway in the

Subway," by A. L. Plimpton.

January 19, 1898.
—"Laying Submerged Pipe on the Metropolitan

Water Works," by C. M. Saville and W. E. Foss.

February 2, 1898.
—"Some Details of Sewer Pipe Construction," by

Sidney Smith.

February 9, 1898.
—"Some Peculiar Details of the Brockton Sewer

Work," by C. R. Felton.

There has been a good attendance at all of the regular monthly meet-

ings, and also at the informal meetings, which have been held in the library

room.

We are also glad to note that our well-arranged library and reading

room is being more generally used by our members.

We would urge upon the members the desirability of presenting to the

Society matter for the informal meetings, for which formal papers requiring

preparation are not necessary, but for which talks upon details of every-day

work are very acceptable.

The Society has prospered financially during the past year. Our per-

manent fund has increased $823.63, and the amount of the current fund is

$118.42 larger than it was a year ago, notwithstanding the fact that we have

paid $224.75 more to the Association of Engineering Societies than during

the previous year.

The Board of Government desires to call to the attention of the mem-

bers of the Society the desirability of recognizing, in a more substantial

manner, the services of our Secretary. Since his salary was fixed at $200

per year our membership has nearly doubled, and the additional work

connected with the informal meetings largely falls upon his shoulders.

That his work is most efficiently done, I think is known to all of our mem-

bers, and it is the recommendation of the Board of Government that the

By-laws of the Society be amended so as to provide that he shall, receive an

annual salary of $400.

While we are provided with quarters of sufficient size for our present

needs, an inspection of the vacant space on the library shelves warns us

that it will probably not be many years before we shall again outgrow our

accommodations. It is to be hoped that when this occurs we may remove

into a building of our own, devoted to the interests of our profession; and

with this end in view we trust that other members may follow the example

of one who, for each of the past three years, has subscribed $50 toward a

building fund.

During the past year the Society has lost, by death, Thomas Doane,
one of its oldest and honored members. For nearly ten years Mr. Doane
was the President of the Society, and his active interest and wise counsel

have been of the greatest value.

On July 3 of the present year will occur the fiftieth anniversary of the

organization of this Society, and it is hoped that the event may be observed
in a fitting manner.

Respectfully submitted for the Board of Government,

Dexter Brackett, President.
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Abstract of the Treasurer's and Secretary's Reports for the Year
1897-98.

CURRENT FUND.
Receipts:

Dues from new members $218.50

Dues for year 1897-98 3,029.00

Dues for year 1898-99 13.00

Rent of rooms 900.00

Sale of Journals 6.50

Cash at beginning of year 106. 11 $4,273.11

Expenditures:

Rent $1,650.00

Association of Engineering Societies 1,475.00

Printing and postage 347-06

Secretary's salary 200.00

Annual dinner 90.50

Periodicals and binding 40.85

Incidentals 1 10.33

Stereopticon at meetings 94-50

Reporting meetings 7.50

Lighting rooms 20.45

Insurance on library 12.39 4,048.58

Balance on hand $224.53

PERMANENT FUND.
Receipts:

Thirty-seven entrance fees $370.00

Shares of Merchants' Co-operative Bank, retired 1,031.31

Sale of C, B. and Q. R. R. stock 900.00

Subscription to Building Fund 50.00

Interest and dividends 146.86

Cash at beginning of year 129.55 $2,627.72

Expenditures:

Nine shares Merchants' Co-operative Bank $572.64

Dues on shares Merchants' Co-operative Bank 300.00

Dues on shares Workingmen's Co-operative Bank 300.00

Dues on shares Volunteer Co-operative Bank 300.00

Deposit in Boston Five-cent Savings Bank 40.80

Deposit in Provident Institution for Savings 38.79 1,552.23

Balance on hand $1,075.49

PROPERTY BELONGING TO THE PERMANENT FUND, MARCH l6, 1898.

One Republican Valley Railroad bond (par value) $600.00

25 shares Merchants' Co-operative Bank 2,822.03

25 shares Workingmen's Co-operative Bank 925.25

25 shares Volunteer Co-operative Bank 885.50

Deposited in Boston Five-cent Savings Bank 1,050.80
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Deposited in Provident Institution for Savings $1,063.94

Deposited in Old Colony Trust Company 1,075.49

$8,423.01

Amount belonging to Permanent Fund March 16, 1897 7,599-38

Increase during the year $823.63

TOTAL PROPERTY OF THE SOCIETY IN THE HANDS OF THE TREASURER.

Permanent Fund $8,423.01

Current Fund 224.53

$8,647o4

Total amount March 16, 1897 7,705.49

Total increase during the year $942.05

Report of Committee on Weights and Measures.

Boston, Mass., March 16, 1898.

To the Boston Society of Civil Engineers:

Gentlemen:—The only official act of any importance which has been

enacted during the past year which requires notice in the report of the

Committee on Weights and Measures, that your committee is aware of, is

the bill passed by both houses of Parliament for the legalization of the

metric system. This bill simply abolishes fines which previous to the pas-

sage were imposed on its use. It is not a compulsory bill.

In the report of March 17, 1897, of your committee, the history of the

bill introduced in the House of Representatives at Washington, by Mr.

Hurley, in December, 1895, was traced down to the date of your com-
mittee's report. March 19, 1897, at the first or short session of the Fifty-

fifth Congress, Mr. Hurley again introduced a bill (H. R. 1058) to fix the

standard of weights and measures by the adoption of the metric system.

This was referred to the Committee on Coinage, Weights and Measures, in

whose hands it is believed still to remain. From a Washington despatch

of the 10th of this month, it appears that on that date, "The commission in

charge of the. reciprocity negotiations of the Government, Representative

Hurley, of New York; Prof. O. H. Tittman, of the Coast and Ge®detic

Survey, and ex-Representative John A. Kasson, appeared before the House
Committee on Coinage, Weights and Measures and advocated the adoption

of the metric system.

It is to be remembered that the bill previously introduced by Mr. Hur-

ley did not make the use of the metric system compulsory with the people,

but simply established it as the legal standard, to which reference should be

made in case of dispute or for any other proper purpose.

Various reports have been presented and resolutions passed in this

country during the past year regarding the adoption of the metric system,

and the one which deserves especial mention, because of its broad nature

and influence, is that of the special committee of the National Association

of Manufacturers, which was presented at the meeting in New York in

January of this year. The membership of this association now numbers
upwards of one thousand, representing the leading firms in the different

branches of industry.
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The committee which presented this report was a particularly strong

one, and a few quotations from the report are of interest:

"It has been steadily perfected, and nation after nation has adopted it,

until to-day the metric language of quantity is used practically by all the

world except two or three nations—the British Empire, United States and

Russia.

"Extract from the Deutsche Export-Zeitung, Berlin, February, 1897, says:

" 'In the whole Russian Empire, beginning with June 1, the metric-

weights and measures will be used in accordance with a resolution of the

last National Russian Congress of Commerce and Industry.' The acting

Consul-General of Russia thinks this is probably official and authoritative.

"But the most important view of this whole subject to us is its direct

bearing on our trade and commerce. It is the consideration of this point

which prompts your committee to urge some action now by this associa-

tion, looking to the adoption by the United States of the international

metric system of weights and measures. In the opinion of your committee

no single act of a similar nature would do more for the extension of

American trade—would sell more American products at so small a ratio of

expense. The adoption of that universal language of quantity would in-

stantly simplify our commercial relations with the following countries."

Then follows in the report a list of countries which have a population

of about 423,500,000.

In conclusion this committee of the National Association of Manufac-

turers submitted a set of resolutions favoring the adoption of the metric

system.

A letter from Prof. W. P. Wilson, director of the Philadelphia Com-
mercial Museum, to the association, whose opinion on this subject should

have great weight, says:

"It will be a happy and profitable day for the United States of America

when it adopts metric weights and measures."

Your committee have ascertained that quite a number of manufacturing

concerns in this country are using the metric system in their work in part

or whole, particularly those concerns which do an export trade. A partial

list showing some of the kinds of business using this system is as follows:

Manufacture of watches and watch tools, injectors, machine tools,

measuring instruments, steam engines, ordnance, refrigerating machinery,

chemicals and iron works.

The metric system has been adopted in chemistry, metallurgy, assaying,

coinage, pharmacy, medicine, optics, electricity, biology and investigations

in physical laboratories.

Respectfully submitted,

Chas. T. Main,
Dwight Porter,

Henry B. Wood,
Committee.

Report of Committee on Excursions.

Boston, Mass., March 16, 1898.

To the Members of the Boston Society of Civil Engineers:

The Committee on Excursions herewith respectfully submit the fol-

lowing report:
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There have been eleven excursions of the Society during the past year,

as follows:

April 21, 1897.—A trip was made to Brockton to see the alteration in

the grade crossings of the New York, New Haven and Hartford Railroad;

attendance, 75.

May 19, 1897.—A trip was made to the Blue Hill Meteorological

Observatory; attendance, 41.

June 16, 1897.—An excursion of the Society, with ladies, was made to

the Metropolitan Park Reservation at the Middlesex Fells; attendance, 47.

September 15, 1897.-—There was an excursion to Wellesley to view the

Covered Reservoir of the Wellesley Water Works; attendance, 26.

September 25, 1897.—A trip was made to the Nashua River System of

Metropolitan Water Works, at Clinton, Mass. ; there were 140 members and

guests present.

October 29, 1897.—A trip was made to the site of the New South Union

Station, Boston; attendance, 60.

November 17, 1897.—A trip was made through the Boston Subway;

attendance, 134.

December 15, 1897.—A trip was made to visit the new Charlestown

Bridge; attendance, 20.

January 26, 1898.—An excursion was made to visit the stations of the

Edison Electric Illuminating Company, of Boston; attendance, 65.

February 16, 1898.—A trip was made to the new works of the New
England Structural Company, at East Everett; attendance, 20.

March 16, 1898.—A trip was made to visit the large dredge working in

Boston Harbor, at the Narrows; attendance, 79.

For the committee,

A. B. Fletcher, Chairman.

Report of Committee on Municipal Civil Service.

Boston, Mass., March 16, 1898.

To the Boston Society of Civil Engineers:

Gentlemen:—The Committee on Municipal Civil Service, appointed by

the Society, held its first meeting at the rooms of the Society on April 1

last, when arrangements were made for a conference with the Civil Service

Commissioners. Your committee met the Civil Service Commissioners at

their office on April 13, and discussed with them the subject of examination

of persons applying for positions of civil engineers, draughtsmen, etc. As
a result of this conference the Commissioners forwarded to the committee

a communication from their chief examiner proposing a system for grading

the positions and an outline of examination for each grade, and also recom-

mending the appointment of three civil engineers to act as a board of

examiners. The committee, after carefully considering the plan recom-

mended by the chief examiner, communicated their views to the Commis-
sioners, suggesting some modifications.

As a matter of interest to the profession, the system of grading as

adopted by the Commissioners is given below:

Division A, or Rodmen.—To include chainmen, rodmen and all as-

sistants under whatever designation, except draughtsmen, whose maximum
pay does not exceed the rate of $800 per annum.
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Division B, or Instrument men.—To include transitmen, levelers and

all assistants under whatever designation, except those covered by divisions

A and E, and whose maximum pay does not exceed the rate of $1100 per

annum.

Division C, or Assistant Engineers (Junior grade).—To include

engineers and surveyors in responsible charge of work and engineers in

charge of designing, whose maximum pay does not exceed the rate of $1600

per annum.
Division D, or Assistant Engineers.—To include all engineers whose

pay exceeds the rate of $1600 per annum.

Division E, or Draughtsmen.—To include all assistants whose duties

are chiefly drafting, and whose pay does not exceed the rate of $1300 per

annum.

The following is an outline of the examination for rodmen and instru-

ment men, as taken from the fourteenth annual report of the Commis-
sioners:

Rodmen.—Handwriting. Spelling. Arithmetic, including common and

decimal fractions, square root, mensuration of surfaces. Algebra, to and

including the solution of simultaneous equations of the second degree.

Geometry, general properties of plane triangles, simple problems in geo-

metrical construction, mensuration of surfaces and solids. Tracing and

lettering. Education and experience. Duties of rodman.

Instrument men.—Handwriting. Spelling. Education and experience.

Algebra, to and including the solution of simultaneous equations of the

second degree. Geometry, general properties of plane triangles, problems

in geometrical construction, mensuration of surfaces and solids. Plane

trigonometry, trigonometrical functions, properties of logarithms and use

of logarithmic table, solution of triangles, either right or oblique, by either

natural functions or logarithms. Duties. Plotting and lettering.

Respectfully submitted,

William Jackson,

George A. Kimball,

Frederic P. Stearns,

George F. Swain,

T. Howard Barnes.

Report of Committee on the Library.

Boston, Mass., March 14, 1898.

To the Boston Society of Civil Engineers:

The Committee on the Library begs leave to present the following

report:

During the past year there have been added to the library 178 books

and pamphlets, which have been catalogued and placed upon the shelves.

Forty-three volumes have been bound by the Society, none of which had

been previously accessioned. The total number of accessions is now 3226.

The periodicals which have been kept upon the table for reference have

been about the same as last year, and about 40 in number.

The rules adopted in November, 1896, continue to work very well.

Sixty-eight volumes have been borrowed by members from the library for

home use, and the fines incurred amounted to only 37 cents, which have

been turned over tQ the Treasurer.
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The committee begs to recommend the usual appropriation of $50 for

the binding of periodicals and pamphlets.

Respectfully submitted,

Frank L. Fales, Librarian,

Frank P. McKibben,
Caleb Mills Saville,

Frederic H. Fay.

Engineers' Club of St. Louis.

470TH Meeting, April 6, 1898.—The meeting was held at 1600 Lucas

Place, at 8 p.m.; with President Bryan in the chair. Thirty-six members
and five visitors were present. The minutes of the 469th regular meeting

and the 256th meeting of the Executive Committee were read and approved.

The Secretary announced that he had received applications for mem-
bership from Cary Tolcott Hutchinson, consulting electrical engineer, and

John Hill, contractor.

The Executive Committee having reported favorably upon the applica-

tion for membership of Mr. Will Levy, architect, this gentleman was bal-

loted for and elected a member of the Club.

Mr. Robert Moore then gave an informal talk on "Concrete Masonry."

He stated that during the past twenty years concrete had to a large extent

taken the place of stone work in engineering construction. The reasons

were that concrete construction was the cheaper; that small pieces of stone

could be used for concrete which would not be suitable for masonry; that

high-priced labor was dispensed with, and that the resulting structure is a

monolith. He exhibited drawings and photographs of concrete piers,

bridges and culverts, and gave data concerning the conditions under which

they were built. Messrs. Hermann, Colby, Connor, Flad, Chittenden,

Gayler, Holman and Laird then took part in a general discussion concern-

ing the properties and uses of concrete.

There being no further business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.

471ST Meeting, April 20, 1898.—The meeting was held at 1600 Lucas

Place, at 8 p.m.; with President Bryan in the chair. Thirty-three members
and ten visitors were present. The minutes of the 470th regular meeting

and the 257th meeting of the Executive Committee were read and approved.

The Secretary announced that he had received applications for mem-
bership from Mr. Houston Jones and Mr. Charles M. Parker.

The applications of Messrs. Cary T. Hutchinson and John Hill having

been favorably reported upon by the Executive Committee, these gentlemen

were balloted for and elected members of the Club.

The paper of the evening, by Mr. Fred E. Bausch, was then read. It

was entitled "A Modern Telephone Plant." The paper gave a brief sum-

mary of the recent progress in telephony, and gave a description of the

standard apparatus in use. A discussion was entered into of the modern
telephone line with the advantage of copper over iron wire, the effect of

capacity on the line, the advantages of cables and the requisites for under-

ground cables. The paper closed with a description of the recent under-
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ground conduits installed by the Bell Telephone Company in the city of

St. Louis, and the large switchboard built by the same company. A large,

number of lantern slides illustrating the paper were shown. The discus-

sion which followed was participated in by Messrs. Bryan, Kinealy, Hum
phrey, Harrington and Crosby.

There being no further business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.

Civil Engineers' Club of Cleveland.

Cleveland, ArRiL 12, 1898.—The regular meeting was held in the

assembly room of the Electricity Building, Case School of Applied Science.

Prior to the meeting the members visited the mechanical and electrical

laboratories and inspected the apparatus, and were shown the various pro-

cesses going on there.

At 8 o'clock the meeting was called to order by President Osborn.

Present, forty-one members and sixteen visitors. The minutes of the last

meeting were read and approved. The report of the Executive Board was

read; also a letter from the Engineers' Society of Western New York,

inquiring as to the legal status of the profession in the State of Ohio. The
letter had already been officially answered by the Secretary.

Another letter was read from H. M. Wilson, Washington, D. C, sug-

gesting that a memorial be sent to the Ohio Legislature in favor of the

proposed topographical survey of the State to be made in conjunction with

the United States Geological Survey. An informal discussion followed.

Mr. Boalt said the movement was favored by members of the Ohio Univer-

sity, Professor Brown being quite active in the matter. Mr. Warner, Mr.

Varney and Mr. Culley discussed the subject, and were of the opinion that

the survey was not needed at the present time.

Reports of committees were called for, particularly that of the Pro-

gram Committee, but no report was made.

Wm. H. Searles, Secretary.

ArRiL 26th, 1898.—The meeting was called to order at eight o'clock by

the Secretary. Present, sixteen members and one visitor. The President

and Vice-President being absent, Mr. N. P. Bowler was chosen as chair-

man. The minutes of the last meeting were read and approved.

There being no other business, Captain Lewis J. Germain addressed the

Club on the subject of the Des Moines River Improvement, upon which he

was engaged in 1856-58. He described the works and their method of con-

struction in detail, and gave interesting accounts of the ingenious manner
in which he had overcome various difficulties. He maintained that it is the

office of the real engineer to exercise his own genius in contending with

emergencies, as well as to follow precedents in the routine of business. By
way of illustration, he gave instances from his own experience. He had

saved a contractor from loss by showing him how to take out pipe clay at

18 cents a yard, by the use of a special plough drawn by a cable and cap-

stan. He had extemporized a means of ferrying General Lyon's forces

over the Osage River in 1S61, much to the surprise of the rebels, who had

destroyed the old ferry. Other instances were cited. The Captain's
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remarks were listened to with attention, and his descriptions were very

amusing.

A short discussion followed, and he answered a number of questions.

On motion of Mr. Baker, a vote of thanks was tendered Captain Germain,
after which the Club adjourned.

Wm. H. Searles, Secretary.

Engineers' Society of Western New York.

The regular meeting of the Engineers' Society of Western New York
was held April 4, 1898, at the Buffalo Library Building. Major T. W.
Symons, U. S. Engineer, delivered an interesting lecture on "Coast

Defenses and Fortifications," which subject was doubly welcome at this

season. An extensive discussion followed, which intensified our respect

for the American Eagle, or rather what it symbolizes. Light refreshments

were then served at the rooms, and this new departure was joyfully received,

if the reader will permit me to so paradoxically express it.

H. J. March, Secretary.

Technical Society of the Pacific Coast.

Regular Meeting Adjourned to Friday, April 8, 1898.—Held in

the hall of the Academy of Sciences, beginning at 8 p.m.

The reading of the minutes was dispensed with by order of the Chair.

Mr. Marsden Manson, member Technical Society, delivered an address

entitled "Roadways and Engineering Structures in Europe," illustrated by

stereoscopic views, from photographs obtained during his recent European

tour as a representative at the last Geological Congress held in St. Peters-

burg, Russia.

Without attending to further business, the meeting adjourned after the

lecture.

Otto von Geldern, Secretary.

Civil Engineers' Society of St. Paul.

St. Paul, Minn., April i, 1898.—A regular meeting of the Civil

Engineers' Society of St. Pavd was held at 8.15 p.m. President Estabrook

presided. Present, twelve members and six visitors. Minutes of February

meeting read and approved. A communication from Representative

Woodman on matters pertaining to the Association of Engineering Socie-

ties was read for information of members. Mr. H. E. Stevens, lately re-

turned from the scenes of his subject, gave a two hours' practical talk on

ship canals as exemplified in Panama and Nicaragua. There are some
drawbacks to the Nicaragua project. No adequate foundations seem to be

found for the dams, and a dam on the Ochoa site would necessitate many
other embankments of questionable expediency. Furthermore, the physical

features of the terminals, especially on the Atlantic, present obstacles very

difficult to surmount. As to the estimated cost of this canal, notwithstand-

ing the many surveys, data are still lacking on which to base an intelligent

estimate. Inasmuch as one dollar in gold should accomplish nearly as

much there as here, the unit prices on which the estimate of the Ludlow
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Commission is based, twice the unit prices in the United States, seem to

be a little extravagant. In Panama the Chagres problem is rumored to be

nearing solution. This is to divert the flood discharge of the river, which

is nearly twice as large as that of the Mississippi at St. Paul. The terminal

conditions are also favorable on this route; 3500 men are now in the

Culebra cut working by primitive and ineffectual methods. The evidences

of extravagant waste and gigantic jobbery which marked the conduct of the

work in Panama for several years are astounding. A remarkable feature of

the clay cuts on both routes is the permanent standing of the quarter to

one slopes, unaffected by the torrents of rain, the average monthly precipi-

tation at Greytown being about that of the average year with us.

A vote of thanks was extended to Mr. Stevens.

C. L. Annan, Secretary.

Montaua Society oi' Engineers.

A meeting of the Society was held in Helena, on April 12, 1898; Second
Vice-President F. J. Smith presiding. Mr. William Trautwine Shaw, of

Gilt Edge, Mont., was elected a member of the Society. The application

for membership by Mr. F. W. Sherman, Manager of the Gold Mountain
Mining Company, at Bernice, Montana, was favorably considered and the

Secretary instructed to send out the usual letter ballots. A committee of

three, F. L. Sizer, Paul S. A. Bickel and A. E. Cumming, all of Helena,

was appointed to consider the question of taking action and co-operating

with other states interested in securing a grant of arid lands to be used for

the purpose of irrigation developments.
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Detroit Engineering- Society.

Meeting of the Executive Committee held at Room 36, Moffatt Block,

.pril 20, 1898. Present, Messrs. Smith, Dow, Russel, Hinchman and
Villiams.

The applications for membership of Messrs. Albert E. Greene and

'-eorge True were passed upon favorably.

The resignation of Mr. J. A. Svensson was accepted.

A communication from the chairman of the Board of Managers of the

association of Engineering Societies was read and the Secretary was in-

tructed to reply that the Detroit Engineering Society would defer to the

judgment of the older societies in the matter of disposition of advertising

receipts, and would favor the continuance of the present practice regarding

ties of authors of papers that are published in the Journal.

A communication from the Engineers' Society of Western New York
relative to legal enactments affecting the practice of the engineering pro-

fession was read and referred to the Secretary for investigation and reply.

It was resolved that in the coming election all nominations be made
by informal ballot. The Secretary was instructed to express to Captain

William M. Folger, in command of the cruiser "New Orleans," the con-

gratulations and interest of the Society.

A check to T. H. Hinchman, Jr., Treasurer, covering sundry transac-

tions, amounting to $429.07, was ordered drawn.

Adjourned.

Gardner S. Williams, Sccrctarv.

The annual meeting was held at the Hotel Ste. Claire, Friday even-

ing, April 29, 1898, President Jesse M. Smith presiding, and thirty-eight

members present.

The Executive Committee reported favorably upon the applications

of Messrs. Albert E. Greene and George True, and they were elected to

resident membership.

The name of Mr. Henry Goldmark was presented for resident member-
ship and referred to the Executive Committee.

The Society then proceeded to the election of officers, which resulted

as follows:
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President—George Y. Wisner.

First Vice-President—William J. Keep.

Second Vice-President—Alex. Dow.
Secretary—Gardner S. Williams.

Treasurer—Theodore H. Hinchman, Jr.

The members then adjourned to the dining room and participated in

the annual banquet, President Smith presiding. The invited guests present

were Charles Warren Hunt, Major Milton B. Adams, U. S. A., and E. E.

Haskell.

Letters of regret were announced from Col. G. J. Lydecker, Corps of

Engineers; Alfred Noble, F. C. Osborn, President of Cleveland Civil En-
gineers' Club; George S. Davidson, President of Engineers' Society of

Western Pennsylvania; F. F. Rogers, President of Michigan Engineering

Society; Duncan Kennedy, Commander U. S. N., and Mortimer E. Cooley,

Chief Engineer U. S. N.

A letter of regret and greeting was read from Mr. John C. Trautwine,

Jr., Secretary of the Association of Engineering Societies.

The Secretary then reported that under the instructions of the Execu-

tive Committee he had expressed by letter to our fellow-member, Captain

William M. Folger, U. S. N., the congratulations of the Society upon his

appointment to command the U. S. Cruiser "New Orleans," and our inter-

est in her future career, and read the following reply:

"U. S. S.'New Orleans,' New York, April 29, 1898.

"'Gardner S. Williams, Secretary Detroit Engineering Society.

"Dear Sir,—Please convey to the Executive Committee of the Detroit

Engineering Society my sincere thanks for their flattering resolution. The

'New Orleans' is a fine vessel, and I have an unusually capable lot of offi-

cers. If I have time to get the crew, very green at present, into shape,

I do not think the Society will" have cause to be ashamed of the 'New

Orleans.' Very truly yours,

(Signed) "Wm. M. Folger."

Toasts were proposed and responded to as follows:

"The American Society of Civil Engineers," response by James D.

Hawks.

"The American Society of Mechanical Engineers," response by Walter

S. Russel.

"The American Institute of Mining Engineers," response by William

M. Courtis.

"The American Institute of Electrical Engineers," response by Alex.

Dow.
"The United States Engineer Corps," response by Milton B. Adams,

Major of Engineers, U. S .A.

"The Michigan Engineering Society," response by Joseph B. Davis.

"The Engineer," response by Charles Warren Hunt, Secretary Ameri-

can Society of Civil Engineers.

"The Engineering Society of the University of Michigan" (by request),

response by Gardner S. Williams.

"Our Members in the Michigan Naval Reserve and the Volunteer

Navy."
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AT THE FRONT. UNDER AND AWAITING ORDERS.

M. E. Cooley, \Y. A. Livingstone,

Gilbert Wilkes; F. W. Hodges,
T. H. Hinchman, Jr., Thomas Farmer, Jr..

J. F. Lewis, Andrew H. Green, Jr.,

M. W. Cempau. Paul E. Fuller.

Response, "The Star Spangled Banner," by orchestra and company.
Dismissed.

Gardner S. Williams, Secretary.

REPORT OF THE SECRETARY FOR 1807-8.

To the President and Executive Committee of the Detroit Engineering Society:

Gentlemen:—The following report covers the points of general

interest in the history of the Society during the year just closing:

The officers have been: President, Jesse M. Smith; First Vice-President,

Alex. Dow; Second Vice-President, Wm. J. Keep; Secretary, Gardner S.

Williams: Treasurer. Theodore H. Hinchman, Jr. To these have been

added, upon the Executive Committee, Mr. Willard Pope, and as a member
of the Board of Managers of the Association of Engineering Societies,

Mr. Wm. A. Livingstone.

The membership at the beginning of the year was: Resident, 82: non-

resident, 12; total, 94.

Since the last annual report there have been elected to membership
18 candidates, of whom 14 have united with the Society. One member was

received by transfer from the St. Louis Engineers' Club, but the transfer

was afterwards withdrawn. The Society has lost by resignation 4 members
and by death 2 during the past year, and by removal from the city 1.

The present membership is. .. .Resident, 84 Non-Resident, 17 Total, 101

Dues unpaid 3 47
Net in full standing " 81 13 " 94

Elected and eligible "3 3

Candidates proposed "2 2

Meetings of the Society have been held as follows:

April 23, 1897.—Annual meeting and banquet. Present, 36 members;

President W. S. Russel presiding.

May 21, 1897.—Regular meeting. Paper, "Characteristics of Modern
Yachts and Launches," by F. A. Ballin. Present, 24 members and 2

visitors; Second Vice-President W. J. Keep presiding.

June 18, 1897.—Regular meeting. General discussion, "The Adoption

of the Metric System of Weights and Measures." Present, 17 members;

First Vice-President Alex. Dow presiding.

July 23, 1897.—Regular meeting. Paper, "Economical Engineering

Construction," by Geo. Y. Wisner. Present, 22 members and 2 visitors;

First Vice-President Alex. Dow presiding.

September 17, 1897.—Regular meeting. Paper, "The Machinery of the

Poe Lock of the Ste. Mary's Falls Canal," by Frank M. Dunlap. Present,

20 members and 5 visitors; Second Vice-President W. J. Keep presiding.

October 22, 1897.—Regular meeting. Paper, "The Manufacture and

Use of Aluminum," by Jesse M. Smith. Present, 21 members and 3

visitors; First Vice-President Alex. Dow presiding.

November 19, 1897.— Regular meeting. Paper, "Cast Iron Under
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Impact," by W. J. Keep. Present, 32 members and t visitor; President

Jesse M. Smith presiding.

December 16, 1897.—Regular meeting. Paper, "American Armor for

Vessels of War," by W. M. Folger. Present, 35 members and 13 visitors;

President Jesse .M. Smith presiding.

January 21, 1898.—Regular meeting. Paper, "Decorative Marbles," by

W. M. Courtis. Present, 21 members and 7 visitors; President Jesse M.
Smith presiding.

February 18, 1898.—Regular meeting. Paper. "A Design for Per-

manent Track," .^y J. W. Schaub. Present, 22 members and 7 visitors;

President Jesse M. Smith presiding.

March 25, 1898.—Regular meeting. Papers, "The Ironwork of the

Light Guard Armory," by Thos. F. McCrickett, and "Properties of Con-

crete Under Compression Stresses," by D. A. Molitor. Present, 25 mem-
bers and 7 visitors; First Vice-President Alex. Dow presiding.

The average attendance of members during the year has been 25, and

the total attendance 275.

The average number of participants in discussion per meeting has been

8.5, the total number participating being 93.

The books of the Treasurer show the following record for the year:

Receipts:

Balance from preceding year $28.98

Dues and fees for 1897-98 480.50

Total receipts $509.48

Expenditures:

Annual banquet . .$101.40

Journal 235.25

Printing, postage and exchange 34-47

Total expenditures $371.12

Balance on hand 138.36

Dues for 1897-98 unpaid 31.00

Gross assets $169.36

Bills payable 8.20

Net assets $161.16

Respectfully submitted,

Gardner S. Williams.

Detroit. Mich.. May 20, 1898.—The regular monthly meeting was

held at the Hotel Ste. Claire, Friday evening, May 20, 1898, President

George Y. Wisner presiding, with twenty members and three visitors

present.

After some opening remarks by the President, the Executive Com-
mittee reporting favorably, Mr. Henry Goldmark was elected to resident

membership. The names of Mr. E. E. Haskell, of Detroit, and Mr.

O. L. E. Webber, of Port Huron, were proposed for resident and non-
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resident membership, respectively, and referred to the Executive Com-
mittee.

The Executive 'Committee reported the selection of Mr. Willard Pope

to complete its membership, and the appointment of Mr. H. G. Field as

Deputy Treasurer, to act during the absence of the Treasurer, Mr. T. H.

Hinchman, Jr., upon the United
#
States Steamship "Yosemite."

A letter was read from the Secretary of the American Society of Civil

Engineers inviting the participation of the Detroit Engineering Society in

the events of the Annual Convention, to be held in Detroit, July 26 to 29,

inclusive, 1898, and upon motion the Secretary was directed to accept the

invitation and to extend the thanks of the Society and express its desire to

contribute to the success of the convention.

The paper of the evening, entitled, "Engineering in Connection With
the Detroit Water Works," was presented by Mr. Gardner S. Williams and

discussed by Messrs. Wisner, Smith, Greene, Russel, Goldmark and Wil-

liams. Adjourned.

Gardner S. Williams, Secretary.

Meeting of the Executive Committee held at the Wayne County Sav-

ings Bank Building, May 20, 1898. Present, Messrs. Wisner, Smith, Dow
and Williams.

The application of Henry Goldmark was passed upon favorably for

resident membership and the resignation of Mr. Chas. F. Adams from resi-

dent membership was accepted.

Mr. H. G. Field was appointed Deputy Treasurer to serve during the

absence of the Treasurer.

Mr. Willard Pope was selected as a member of the Executive Com-
mittee to complete its membership.

Bills to the amount of $128.10 were audited and ordered paid. Ad-
journed. G. S. Williams, Secretary.

Memoir of Gouveriieur Morris.

Member Am. Soc. C. E. and Detroit Engineering Society.

Gouverneur Morris was born at Pottsville, Pa., November 5, 1847, and

died at Detroit, Mich., December 30, 1897. He was elected a member of

the Detroit Engineering Society September 17, 1897.

Mr. Morris was a member of the Sons of the American Revolution, and

came of an illustrious family, being the grandson of Robert Morris, the

famous financier of Revolutionary times and a signer of the Declaration of

Independence.

Graduating from the Philadelohia Polytechnic College in 1868, he

immediately engaged in civil engineering, and was connected with the

Philadelphia and Reading, Chesapeake and Ohio, Northern Pacific and

East Tennessee, Virginia and Georgia Railroads, the Pennsylvania Geologi-

cal Survey and several mining enterprises in Pennsylvania and West Vir-

ginia. He was also engineer for O'Brien & Clark on the construction of

the Croton Aqueduct, as well as being engaged in several minor engineer-

ing undertakings. He was widely known throughout the Eastern and
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Southern coal producing States, to whose development in mining he

devoted much attention, and at the time of his death was in charge of the

coal interests of the Philadelphia and Reading Railroad for Michigan and
adjacent territory.

By those of us, all too few, who were enabled, in the brief periods of

his sojourn with us, to enjoy his acquaintance, no eulogy can be required.

To those who were not so favored we need only say, ''he was an engineer."

Geo. Y. Wisner,
Gardner S. Williams.

Joseph De Gurse.—-A Memoir.

Member Detroit Engineering Society and Canadian Society of Civil

Engineers.

Joseph De Gurse was born in the County of Lambton, Moore Town-
ship, Ontario, February 26, 1857, and died at Windsor, Ontario, March 22,

i8q8. He was raised upon a farm, and obtained his education at Assump-
tion College, Sandwich, Ontario, and at the School of Practical Sciences at

Toronto. He received his commission as Ontario Land Surveyor in April,

1883, and was engaged in surveying for the Canadian Government in the

Algoma and Nipissing districts and the Northwest. In November, 1887. he

was appointed chief engineer of the Lake Erie and Detroit River Railway,

a position which he held until his death. The road was located and built

under his direction. He was also connected with the municipal engineer-

ing work of both Windsor and Walkerville, and designed the Ferry Slip

Dock at Port Stanley, Ontario. Mr. De Gurse was for many years a

member of the Windsor Board of Education, and also chairman of the

North Essex Board of License Commissioners. He was elected to mem-
bership in the Detroit Engineering Society September 17, 1897.

Gardner S. Williams.

Boston Society of Civil Engineers.

April 20, 1898.—A regular meeting of the Boston Society of Civil En-

gineers was held at Chipman Hall, Tremont Temple, Boston, at 7.45 p. m.
;

President Howard A. Carson in the chair; sixty-eight members and visi-

tors present.

The records of the annual meeting of March 16, and the special meeting

of March 30, were read and approved.

Messrs. M. Irving Motte and Harold C. Stevens were elected members

, of the Society.

The Board of Government submitted the following report, and on

motion it was accepted and adopted:

To the Boston Society of Civil Engineers:

The Board of Government begs leave to present the following report on

matters submitted to it by the Society at the annual meeting of March

1 6, 1898:

It has voted to continue for the ensuing year the Committees on Ex-

cursions, on the Library and on Quarters, and has selected the member-

ship of these committees as follows:
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On Excursions—Henry S. Adams, Benj. W. Guppy, R. S. Hale, H. F.

Bryant and Leonard Metcalf.

On the Library—Frank L. Fales, C. M. Saville, F. P. McKibben, F. H.

Fay and A. D. Fuller.

On Quarters—Desmond FitzGerald, E. W. Howe, C. F. Allen, E. W.
Bowditch and H. Bissell.

It was voted not to continue the Committees on Weights and Measures

and on Municipal Civil Service.

It has appointed the following members to represent the Society on the

Board of Managers of the Association of Engineering Societies, in addi-

tion to the Secretary: Messrs. J. R. Freeman, Henry Manley, Frederick

Brooks and Dexter Brackett.

The board was requested to report upon the expediency of appro-

priating, not exceeding $50 annually, for the purpose of supplying the

library with standard engineering works. The board, after carefully con-

sidering the matter, voted that it deems it expedient that the sum of $50 be

appropriated this year to be expended for the purchase of standard engi-

neering books, and it recommends that a like sum be expended for this

purpose each year when the finances of the Society will warrant.

Respectfully submitted for the Board of Government,

S. E. Tinkham, Secretary.

On motion of Professor Allen, the amendment to By-law 6 proposed in

writing at the last meeting was adopted by a unanimous vote.

Mr. Brock, for the committee appointed to prepare a memoir of our
late associate, William C. Hall, submitted its report, which was read and
accepted.

Mr. Henry B. Wood then read the paper of the evening on "Boun-
daries," giving in some detail the most of the Massachusetts Topographical
Survey Commission in connection with the town and State boundary lines.

Adjourned.

S. E. Tinkham, Secretary.

William C. Hall.—A Memoir.

By N. S. Brock, B. T. Wheeler, J. L. Woodfall, Committee of the
Boston Society of Civil Engineers.

[Read before the Society, April 20, 1898.]

William C. Hall, the son of Nahum B. and Betsey (Wood) Hall,

was born in Upton, Massachusetts, on September 27, 1858, and there with

his parents he passed the period of his youth and young manhood.

He attended the public schools of his native town, and after exhausting

the opportunities for learning which they afforded he entered Dartmouth

College. At this institution he took the engineering course in the Chandler

Scientific Department, graduating in the class of 1883. He was a bright

scholar, being particularly apt in mathematics, as is evidenced by the fact

that during an entire year he obtained a perfect mark, both in recitations

and examinations, in the higher branches of this study. His lively and

genial nature made him a favorite with his mates, and although years have

now passed since those days of close companionship, and intercourse has
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been in most cases infrequent, his old college associates will still feel in his

death the loss of a close and valued friend.

After leaving college he obtained employment in the engineering

department of the city of Boston, and on September 2, 1883, was assigned

to work in connection with the Main Drainage System. On November 4,

1883, he was transferred to the Department of Additional Water Supply,

and on this work, at first in the employ of the city and later in the employ
of the Metropolitan Water Board, he served faithfully and efficiently till his

death, on December 6, 1897.

During this period he bore a part, gradually increasing in importance,

in the preparation and construction of the following works: The Farm
Pond Conduit, the lining of Beacon Street Tunnel, the excavation of Pegan
Meadows, Dam and Basin No. 6, Dam and Basin No. 5. Of the last-

named work, the largest of its kind that has been undertaken by the city

•of Boston, he was assistant engineer in charge at the time of his death.

His work was marked by a high order of excellence, by great zeal and a

total disregard of personal comfort.

He joined the Boston Society of Civil Engineers on April 18, 1888.

but owing to the fact that his work and home have always been located at

a distance from our place of meeting he has not been a frequent attendant.

On October 27, 1886, he married Miss Bertha B. Stewart, of Framing-

ham, and there were born to them four children, three boys and one girl,

all of whom survive him.

The sickness and death of Mr. Hall occurred under particularly sad and

distressing circumstances. He and his wife were both stricken with the

same disease, pneumonia.

Mrs. Hall's attack was from the first a very severe one, and little hope

was entertained of her recovery. She died on December 4.

His seizure was thought to be less dangerous, and it was hoped that he

might be spared to their young family, which stood now in 'double need of

his watchful care. His heart, however, proved unequal to the extra strain

which disease put upon it, and he gradually failed and passed away two

days after his wife.

The funeral service of husband and wife was held in Grace Church,

South Framingham, on December 8.

Surely all hearts must go out in sorrow and sympathy to this young
family, doubly dependent by reason of its youth, and yet doubly bereaved.

As an engineer Mr. Hall was endowed with an unusually happy union

of those qualities which give speed and accuracy in performing work,

—

i.e.,

he possessed an immense amount of dash and physical energy well con-

trolled and directed by a bright, well modulated mind. He was full, also,

of that quality which belongs alike to the good soldier and the good engi-

neer, the cheerful endurance of hardships encountered in the prosecution

of his work. He was forceful and determined, quick and correct in judg-

ment, fair and honorable in his dealings with all men. These qualities,

joined to a fearless and sunny disposition, made him a leader who inspired

his assistants to their utmost endeavors.

He was a true friend, a jolly and agreeable companion. Those of us

who were his friends and associates will long remember the sparkle of. his

bright gray eyes as he attacked us with a volley of that merry banter in the

use of which he was so skillful.
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In his private life he was an unusually attentive husband and father,

devoting every spare hour to the care and entertainment of his children, in

whom he took the greatest pride.

Who of us can measure for them their loss.

Engineers' Club of St. Louis.

472D Meeting, May 4, 1898.—The meeting was held at the Club's

rooms. 1600 Lucas Place, at 8 p.m.; with President Bryan in the chair.

Twenty-two members and seven visitors were present. The minutes of the

471st regular meeting and the 258th meeting of the Executive Committee
were read and approved.

The Secretary announced that he had received applications for mem-
bership from Messrs. S. B. Fisher, J. S. Branne and J. M. Desloge.

The applications for membership of Messrs. Charles M. Parker and

Houston Jones having been favorably reported upon by the Executive

Committee, these gentlemen were balloted for and elected members of the

Club.

The President stated that he had received an invitation from the

Society of Civil Engineers of France to send delegates to its fiftieth anni-

versary celebration in Paris in June.

The paper by Mr. Thos. D. Miller on "The Recently Discovered Oil

Field of Texas" was then read by the Secretary. A description of the oil

district of Corsicana, analyses of the oil and statistics regarding the output

were given. A sample of the oil and drawings were submitted.

Prof. J. H. Kinealy then gave a talk on the question of ventilation of

school buildings. He illustrated his remarks by showing a number of

lantern slides. The discussion on ventilation was participated in by Messrs.

Bryan. Ittner and Ferguson.

There being no further business, the Club adjourned to another room,

where lunch was served.

Richard McCulloch, Secretary.

473D Meeting, May 18, 1898.—The meeting was held at the Club's

rooms. 1600 Lucas Place, at 8 p.m.; with President Bryan in the chair.

Thirty-eight members and fourteen visitors were present. The minutes

of the 4J2d regular meeting and the 259th meeting of the Executive Com-
mittee were read and approved.

The applications for membership of Messrs. John S. Branne, Samuel

B. Fisher and John M. Desloge having been favorably reported upon by

the Executive Committee, these gentlemen were balloted for and elected

members of the Club.

Prof. J. H. Kinealy announced that the Entertainment Committee had

arranged for an excursion to Granite City on Saturday afternoon, May 28.

The Secretary announced that the library had been presented with a

copy of the third annual report of the Metropolitan Water Board of Bos-

ton. Mass.

The President announced that he had appointed as delegates to the con-

vention of the Civil Engineers of France, in Paris, in June, Messrs. Charles

Bouton, George W. Olshausen and A. H. Zeller.
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Mr. M. L. Holman then made an address upon ''The Filtration of

Water." He described the present practice in Germany in the filtration of

water for the use of towns and cities. A description was given of the open

sand filters in use in Hamburg, with the methods of operating and cleaning

them. The German Government requires that water for city use shall

contain less than ioo bacteria per cubic centimeter, and the water which

passes through the filter is tested periodically to see that this requirement

is carried out. The covered sand filters in use at Berlin and the artificial

stone filters in use at Worms were also described. An interesting discus-

sion followed, participated in by Messrs. Moore, Johnson, Herman, Ocker-

son, Sanger, Ferguson, Russell, Pitzman, Bryan, McMath, Colby and Dr.

Glasgow.

Mr. E. J. Spencer then stated that a bill had passed both houses of

Congress and had been signed by the President authorizing the formation

of a brigade of engineers, but that this number had been cut down arbi-

trarily by the Secretary of War to a single regiment to be raised on the

Eastern Seaboard. He called attention to the usefulness of engineers in

time of war, and suggested that the Engineers' Club of St. Louis take actio i

in this matter by sending a telegram to the Secretary of War protesting

against the cutting down of the brigade of engineers. Other members made
remarks favoring this action. Prof. J. B. Johnson made a motion that the

President appoint a committee of three to act on the lines suggested by Mr.

Spencer. This motion was seconded and on being put to a vote was unani-

mously carried. The President appointed as members of this committee

Prof. J. B. Johnson, Lieut. E. J. Spencer and Mr. Julius Pitzman.

There being no further business, the club adjourned to another room,

where lunch was served. Richard McCulloch, Secretary.

Technical Society of the Pacific Coast.

May 6, 1898.—Regular meeting. Called to order by Vice-President

Percy.

The minutes of the last regular meetings of March and April were read

and approved.

~S\v. Halstead, a visiting engineer of New York, addressed the mem-
bers on the subject of "Peculiarities and Eccentricities in Conditions of

Steel," which was discussed. Adjourned.

Otto von Geldern, Secretary.

Civil Engineers' Clnh of Cleveland.

Cleveland, April 12, 1898.*—Prof. C. H. Benjamin then gave a lecture

upon the "Evolution of Machine Design," which was illustrated throughout

by lantern slides. These views included some very ancient and curious

machines, others more modern, but out of date, and some of the latest and
most improved patterns. The Professor called attention to faulty designing

*For minutes of proceedings same date see Vol. XX, No. 4, April,

1898, page 53.
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in the earlier machines from an esthetic as well as structural point of view,

such as the use of carved cast iron legs of Louis XIV style under heavy

planers, the imitation of wood framing and paneling in cast iron work and

the introduction of other architectural features, all of which were entirely

unnecessary to the machines.

At the close of the lecture a discussion of the subject was participated

in by Mr. J. R. Oldham. Prof. J. W. Langley, Mr. W. R. Warner and

others. On motion by Mr. Ritchie, the thanks of the Club were extended

to the Case School of Applied Science for the use of the assembly room
and for the interesting exhibition in the laboratories.

After adjournment the members repaired to the Mechanical Building,

where Professor Benjamin called attention to various matters of interest,

and a light luncheon was served.

Wm. H. Searles, Secretary.

Cleveland, May 10, 1898.—The regular meeting was held on May 10

at the office of the Osborn Company, 275 Prospect St. Present, thirty-two

members ana twenty-two visitors. The meeting was called to order at 8

o'clock by President F. C. Osborn. The minutes of the last meeting were

read and approved.

The Executive Board reported the application of Harry Ross Jones for

associate membership, and Jacob Dolson Cox, Jr., for active membership.

The Board had made an appropriation of $200 for the Secretary during

the present fiscal year, out of which the clerical service of his office was

to be paid

Mr. Reed, for the Library Committee, reported a gift to the Club from

Mr. C. O. Palmer of a full set of the Journal of the Association, with per-

mission to make such use of it as the Club may find advantageous. Mr.

Reed moved a vote of thanks to Mr. Palmer for the donation, and in case

the Journal should be exchanged for other works, the books so received

should be inscribed with Mr. Palmer's name, which was unanimously car-

ried.

A proposed amendment to the Constitution was offered and read signed

by A. Lincoln Hyde and fifteen other members of the Club. The amend-
ment proposed to substitute for Article I, Section 1, as follows:

Cleveland, May 10, 1898.

To the Civil Engineers' Club of Cleveland:

The undersigned active members hereby propose the following amend-
ment to the Constitution of the Club in accordance with Article IX.

The object of the amendment is to have the name of the Association

broad enough to cover its whole membership. It is believed that by
assuming a more appropriate and more comprehensive title that a better

feeling will be created among the present members, and that more new
members will be attracted to the Club.

The Association is made up of mechanical and electrical engineers,

architects, chemists, scientists and their associates as well as civil engineers.

Acccording to the last Register, fresh from the printer's hands, we find but

two out of five honorary members, but six out of fourteen corresponding
members, but one out of twenty-two associate members, and but fifty-one
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out of one hundred and forty-three active members, or a total of sixty out

of one hundred and eighty-four members of all classes that can be classed

as civil engineers.

Proposed amendment to the Constitution:

Amendment to Article I, Section i.

(Strike out Section i and substitute):

—

Section i. The name of this Association shall be The Cleveland So-

ciety of Engineers.

Witness our hands the date above written.

A. Lincoln Hyde, Robert Hoffmann,

Frank C. Osborn, August A. Honsberg,

E. E. Boalt. Walter Miller,

Walter C. Parmley, John McGeorge,
R. H. St. John, F. S. Barnum,

John N. Coffin, H. M. Claflen,

James Ritchie, Harry S. Nelson,

A. H. Porter, J. N. Richardson.

Mr. Boalt said. "In order to give fair warning to all members and to

give them an opportunity to consider this matter, I move you that the

amendment be printed and copies be sent to the members with a letter that

the matter will come up for discussion at the next regular meeting.'' This-

was seconded and carried. The discussion then proceeded and various pos-

sible names were suggested.

Mr. Swasey moved, as an amendment, that the name of this Association

shall be The Cleveland Society of Civil Engineers. This was seconded by

Prof. Benjamin. Before the vote was taken on Mr. Swasey's amendment,

Mr. Cowles, seconded by Mr. Bowler, moved to postpone further discus-

sion to the next meeting. This was carried.

Later in the evening an announcement was made that the next meet-

ing would occur on May 24, and that the discussion of the amendment
would then come up. To this Mr. Boalt objected, saying he had men-
tioned the next regular meeting in his motion. As Mr. Cowles. in his

motion, had not done so, on motion, another vote was taken and the sense

of the meeting was largely in favor of the postponement of the discussion

to the regular meeting in June.

Mr. Bernard L. Green then read a paper entitled, "The Portland Ce-

ment Industry of the World." He gave a brief history of the industry and

described its present condition in the various countries of Europe and in

America, showing a remarkable increase in the production of cement in this

country during the last few years.

He described briefly the several methods of manufacture which depend

somewhat on the character of the raw material available, and gave the sta-

tistics of production in the various countries where Portland cement is

manufactured. According to the latest information, the United States ranks

fourth among the countries producing Portland cement, the annual output

being 2,304,000 barrels, or 6.6 per cent, of the total output of the world.

Germany ranks first with 38.4 per cent, England second with 23.7 per

cent, and France third with 8.6 per cent.

The discussion which followed was participated in by Mr. John C.

Robinson, of Sandusky: Mr. Chas. B. Stowe and D. S. Clements, of Cleve-

land, visitors, and by Messrs. Boalt, Baker and other members of the Club.
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Before adjournment the President announced that refreshments would
be served in the adjoining room, and a vote of thanks to the President for

the use of his office,- and the entertainment of the Club was unanimou
carried.

After adjournment the laboratory of the Osborn Company was visited,

the apparatus and specimens of cement examined and the breaking tests of

some samples witnessed. W. H. Searles, Secretary.

May 24, 1898.—The meeting was called to order at 8 o'clock by

the Secretary. Owing to the absence of the President and Vice-President,

Henry C. Thompson was by vote invited to take the chair.

There were present twenty-two members and six visitors. The reading

of the minutes was omitted.

The Secretary read a short account of a paper read before the

Engineers' Club of Philadelphia, upon a case of jurisprudence in land sur-

veying.

Mr. Joseph W. Willard presented to the Club the first fourteen serial

numbers of "Marine Engineering" of New York, including the number for

May, 1898, and will furnish later numbers as they are issued. Mr. Richard-

son, seconded by Mr. Oldham, moved that the books be received, and that

the cordial thanks of the Club be extended to Mr. Willard. The vote was

unanimously carried.

The paper of the evening was then presented by Mr. Joseph R. Old-

ham, N.A., on the ''International Congress of Naval Architects," held in

London last July. He reviewed some of the papers presented at the Con-

gress, and particularly that of Sir E. J. Reed, on the "Advance in the

Mathematical Theory of Naval Architecture During the Existence of the

Institution."

The question of stability of ships received much attention, and the

latest application of water ballast to secure stability. He showed that some

vessels having considerable stability in the normal position nevertheless

may capsize easily, while others which roll easily nevertheless have a large

moment of stability under increasing angles of inclination.

Mr. Oldham described in a very happy way the social features of the

Congress and the exceeding hospitality shown to members, with daily

excursions to the south of England and an excursion to Scotland.

Passing from the subject of the paper proper, he gave an addendum

upon the state of our navy and its possible future developments. Most of

our naval vessels have been designed for the protection of our own shores,

having therefore rather small coaling capacity which permits of very heavy

armament. If we are to take part in the affairs of the world in all quarters

of the globe we shall require, like Great Britain, larger ships with high

freeboard and larger coaling radius.

The speaker was interrupted by applause at several points, and a very

interesting discussion ensued. This was participated in by Messrs. Baker.

Thompson, Coffin, J. N. Dodd, Parmley, Richardson and others.

At 10 o'clock the Club adjourned.

Wm. H. Searles, Secretary.
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Engineers' Society of Western New York.

Buffalo, N. Y., May 5, 1898.—The April meeting of the Engineers'

Society of Western New York was addressed by Major T. W. Symonds,

U. S. A., on "Coast Defenses and Fortifications." This subject at a time

when preparing for war with Spain was very opportune, and consequently

very pleasantly received.

At the May meeting George W. Rafter, expert engineer of Rochester,

and member of our Society, read a very interesting paper on the "Run-off

of Niagara River." The lecture was replete with interesting data, and

was extensively discussed.

H. J. March, Secretary.
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Engineers' Cinb of St. Louis.

474TH Meeting, June i, 1898.—The meeting was held at 1600 Lucas

Place; with Vice-President Colby in the chair. Thirty-seven members and

four visitors were present. The minutes of the 473d regular meeting and

the 260th meeting of the Executive Committee were read and approved.

The Secretary announced that he had received applications 'for member-
ship from Messrs. Albert B. Hazzard and Lovell H. Carr.

Prof. J. B. Johnson then made a verbal report for the committee ap-

pointed to memorialize the Secretary of War and the Missouri Congress-

men regarding the enlistment of a volunteer brigade of engineers. He
stated that telegrams and memorials had been sent as directed and that

favorable replies had been received from the Congressmen. It was re-

ported that a regiment of engineers was to be raised in the Mississippi

Valley.

Prof. J. H. Kinealy, chairman of the Entertainment Committee, moved
that on account of courtesies extended during the excursion of the En-

gineers' Club to Granite City, on May 28, 1898, the Secretary be instructed

to convey the thanks of the Club to the St. Louis Stamping Works, the

St. Louis Terminal Railway Association and Mr. Norman W. Eayres.

These resolutions were carried by a unanimous vote.

The paper of the evening by Mr. Charles Carroll Brown was then read.

It was entitled "The Ethics of Engineering." A definition and a discus-

sion of ethics were first given. The rise of the learned professions from the

priests was traced. It was stated that the standard of ethics in business

and professional life was lower at the present time than formerly, and the

reasons for this were given. The paper closed with a plea for the necessity

for a code of ethics in the engineering profession. In the discussion which

followed several of the members differed with the author of the paper

as to the necessity of a code of ethics and contended that the standard of

ethics in the engineering profession had always been a high one.

The discussion was participated in by Messrs. Holman, Moore, John-
son, McMath, Crosby, Eranne, Ferguson, Flad, and Laird.

There being no further business, the meeting adjourned to another

room, where lunch was served.

Richard McCulloch, Secretary.
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Civil Engineers' Clnb of Cleveland.

Cleveland, June 14, 1898.—The regular meeting was held June 14,

1898. In the absence of the President, Past-President Dr. Charles S. Howe
was called to the chair at 8.30 p.m. Present, fifteen members and one

visitor.

The minutes of two preceding meetings were read and approved.

Messrs. William E. Reed and Arthur A. Skeels were appointed tellers

to canvass the letter ballot, which resulted in the election of Harry Ross

Jones as associate member, and Jacob Dolson Cox, Jr., as active member.
The Executive Board recommended to letter ballot, for active mem-

bership, the names of Robert L. Webb and Francis Henry Treat, both of

Cleveland.

A circular letter was read issued by the Austrian Society of Engineers

and Architects, announcing the celebration of its fiftieth anniversary to take

place next November, and inviting participation.

The chairman of the Programme Committee reported that a paper was
expected for this evening, but they were disappointed with regard to it, and

that at present no papers are provided for any meeting prior to that of

September.

The President announced that the discussion of the Constitutional

Amendment, postponed to this time, was in order. Mr. Hyde moved that

the discussion be postponed till the regular meeting to be held on the

second Tuesday in September. This was seconded by Mr. Reed, and

carried.

An informal discussion on the state of the Club was participated in by
Messrs. Warner, Hyde, Howe and others.

At 9.15 the meeting adjourned and luncheon was served.

Wm. H. Searles, Secretary.

Technical Society of the Pacific Coast.

Regular Meeting, San Francisco, June 3, 1898.—Called to order at

8.30 by Vice-President Percy.

The minutes of the last regular meeting were read and approved.

Mr. A. E. Brooks-Ridley read a paper on "Elect ic Elevators," which

was discussed by Messrs. Keith, McNicoll, Richards, Frazier and others.

Adjourned.

Otto von Geldern, Secretary.

Boston Society of Civil Engineers.

Boston, Mass., May 18, 1898.—A regular meeting of the Society was

held at Chipman Hall, Tremont Temple, Boston, at 8 o'clock, p.m.; Vice-

President C. Frank Allen in the chair. Forty-seven members and visitors

present.

The record of the last meeting was read and approved.

Messrs. William D. Bullock, William H. McAlpine, Walter E. Spear

and William E. Swift were elected members, and Mr. John H. Gerrish an

associate of the Society.

Prof. George F. Swain, on behalf of the members of the Society con-

nected with the Massachusetts Institute of Technology, presented a very
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life-like crayon portrait, handsomely framed, of Past-President George L.

Vose. Vice-President Allen, in accepting the gift, expressed the thanks of

the Society and the satisfaction it would give the members to see the portrait

hung in our library. .

On motion of Mr. Metcalf, the thanks of the Society were voted to the

Bath House Committee of the town of Brookline for the courtesies shown
this afternoon on the occasion of the visit to the Brookline Bath House.

Mr. Frank O. Whitney then read the paper of the evening, entitled

"Co-ordinate Survey of Boston."

The paper was illustrated by a large number of maps and diagrams,
showing the work which had been accomplished under the Board of Sur-

vey Act of 1891 in relation to plotting a comprehensive street system in

Boston.

The paper was discussed by Messrs. A. H. French, E. P. Adams, F. P.

Stearns and others.

Adjourned.

S. E. Tinkham, Secretary.

Detroit Engineering Society.

Detroit, Mich., June 18, 1898.—The regular monthly meeting of the

Detroit Engineering Society was held at the Hotel Ste. Claire, Friday eve-

ning, June 17, 1898; President George Y. Wisner presiding; twelve members
and three visitors present. Messrs. E. E. Haskell and O. L. E. Webber
were elected to resident and non-resident membership respectively. The
names of Messrs. L. C. Sabin, J. I. Watson and S. H. Woodard were pro-

posed for membership and referred to the Executive Committee.

The Society then listened to a description of the methods of manufac-

ture of petroleum products by Mr. J. C. Danziger, which was further dis-

cussed by Messrs. Dow, Keep, Smith, Mattsson, Raymond, Courtis, Wis-

ner and Williams.

Adjourned.
Gardner S. Williams, Secretary.

Meeting of the Executive Committee of the Detroit Engineering

Society, held at the Wayne County Savings Bank Building, Friday, June

17, 1898. Present Messrs. Wisner, Smith, Keep, Dow, Field, Pope, Liv-

ingstone and Williams.

The applications for membership of Messrs. E. E. Haskell and O. L. E.

Webber, were approved.

The July meeting of the Society was ordered omitted on account of the

annual convention of the American Society of Civil Engineers.

A committee was appointed to arrange for a boat ride upon the occa-

sion of the August meeting.

A committee of three consisting of the President and Messrs. Keep
and Goldmark was appointed to negotiate with the Library Commission
for the establishment of an engineering reference library, and was author-

ized to expend fifty dollars in furthering that object and properly cata-

loguing the books of engineering interest now in the Public Library.

Adjourned.

Gardner S. Williams, Secretary.
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Montana Society of Engineers.

The regular monthly meeting of the Society was held in the Society's

rooms, in Helena, June n, 1898. Second Vice-President F. J. Smith called

the meeting to order soon after 8 p.m. After the reading of the minutes of

the previous meeting, Mr. Walter Harvey Weed, U. S. Geologist, was in-

troduced, and delivered a lecture upon the geology of Butte, Montana.

The lecture was illustrated with maps showing the geological formations.

After the lecture he answered numerous questions upon the geology of

Butte.

The Committee upon Arid Lands reported as follows:

"Mr. James M. Page, President Montana Society of Engineers,

"Dear Sir:—The undersigned, your committee appointed to con-

sider the question of taking action and co-operating with other Western

States interested in securing a grant of arid lands, beg to report that they

have considered the memorial of the Wyoming State Board of Control, as

also a letter of Mr. Elwood Mead, State Engineer, which was submitted

to us; and we are of the opinion that it would be desirable for Montana to

take such action as Mr. Mead suggests. If our State had a State Engineer,

it would be his province to consider such a matter as this, and to co-

operate with other States interested in the movement. Since this is not

the case, we think it would be advisable for our Society to make an offer

of such co-operation and help as may be within its power. We are cer-

tainly of the opinion that, in the hands of such a distinguished engineer

and able friend of irrigation matters as we know Mr. Mead to be, there can

be no doubt but what the action proposed should be productive of some
good. The question of detail* as to how this matter is to be carried out,

we do not feel able to pass upon at this time, but the idea meets with out

approval. If this additional grant of 5,000,000 acres of arid land can be

secured for Montana, it will be a new step in the direction of more thorough
development of our agricultural resources and protection of the interests of

stockmen, and we are inclined to indorse and assist this measure in any
way within our power."

Frank L. Sizer,

Paul S. A. Bickel,

A. E. Cumming.

The Society accepted the report, but took no further action, as it is

understood Mr. Mead may visit Montana this year, in which event the

question will be considered while he is present.

Frederic Wooster Sherman, manager of the Gold Mountain Mining
Company, of Bernice, was elected a member of the Society.

A. S. Hovey, Secretary.
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